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ABSTRACT 
Performance data and blood samples from 70 Duroc and 38 
Hampshire boars were collected from the 1986-87 national boar 
performance test of each breed. These boars represented a 
total of 97 litters from 73 farms. Few boars were inbred. 
The objectives of the study were: (1) to characterize the 
swine MHC class I genes by using restriction fragment length 
polymorphisms (RFLPs), (2) to determine the genetic 
variability within and between two breeds based on RFLPs of 
swine MHC class I genes and (3) to investigate the 
association between RFLP patterns of swine MHC class I genes 
and production traits in Duroc and Hampshire boars. 
Genomic DNA was isolated from the white blood cells. 
Southern blotting and hybridization procedures were performed 
by using three different endonucleases and a swine MHC class 
I probe (PDl-A). The patterns of RFLPs of the two breeds 
showed a high degree of polymorphism and very few patterns 
were identical. The average number of DNA restriction 
fragments and their molecular weights varied. The Duroc 
breed produced an average of 11 restriction fragments and 
patterns ranged from 5 to 14 fragments. The average molecular 
weights of fragments was 5.0 kb and ranged from 1.3 to 12.5 
using Pvu II endonuclease. The Hampshire breed produced an 
average of 12 restriction fragments and patterns ranged from 
xi 
8 to 15 fragments. The average molecular weights was 5.1 kb 
and ranged from 1.1 to 14.5 kb using Pvu II endonuclease. 
Jaccard coefficients, a similarity index, were used to 
measure the similarity between two RFLP patterns. Average 
Jaccard coefficients for each breed indicated that the 
similarity within breeds was higher than that between the two 
breeds and that the similarity within the Hampshire breed was 
higher than within the Duroc breed. 
Cluster analyses using the Jaccard coefficients revealed 
that it was possible to classify Durocs into 4 groups and 
Hampshires into 3 groups according to their RFLP patterns. 
Nucleotide diversity, the average number of nucleotide 
differences per site between two DNA sequences, was 
calculated from RFLP patterns to measure the variability 
between two DNA sequences through RFLP patterns. The 
nucleotide diversity calculated within breed was lower than 
that between the two breeds and the diversity of Hampshire 
boars was lower than that of Duroc boars. The results from 
the Jaccard coefficient and the nucleotide diversity analyses 
revealed that the genetic variability was higher in the Duroc 
breed than that in the Hampshire breed. It was also 
demonstrated that the genetic variability between the two 
breeds was higher than that within the two breeds. 
Least squares procedures and stepwise regression methods 
were used to examine the association between DNA restriction 
xii 
fragments and the selection index (INDEX), average daily gain 
(ADG), average backfat thickness (BF), loin muscle area (LEA) 
and age at 230 pounds (DAY230). In the Duroc breed, one DNA 
restriction fragment was associated with decreased INDEX 
(P<0.05) and decreased ADG (P<0.05) while two other fragments 
were associated with increased BF (P<0.05). In the Hampshire 
breed, two restriction fragments were associated with an 
increase in INDEX (P<0.05). An additional fragment was 
associated with a significant increase in BF (P<0.05), 
whereas another was associated with a decrease in LEA 
(P<0.06). Cluster group 4 of the Duroc breed was associated 
with lower INDEX values(P<0.05), greater DAY230 (P<0.05), and 
larger LEA (P<0.05). Cluster group 3 of the Hampshire breed 
was associated with lower INDEX values(P<0.05) and the 
cluster group 2 was associated with smaller LEA (P<.05). 
These results suggest an'association between swine MHC class 
I genes and performance traits in swine. Their use as 
genetic markers has potential for improving pig performance. 
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INTRODUCTION 
The study of biology, especially the molecular biology 
of genetic phenomena, has made great advances during the last 
two decades. These advances have enabled geneticists to 
identify and compare certain genes directly, whereas the 
classic population theories, developed mainly by Fisher and 
Wright, required long periods of observation. 
In the classical theories, the gene was the basic 
genetic unit and the gene frequency was the basic numerical 
unit. But by using new molecular biology techniques, 
geneticists can now measure a new basic genetic unit, the 
nucleotide, which is the component of DNA sequences, and the 
new basic numerical unit is the nucleotide frequency. 
Consequently, it has been revealed that through these 
techniques there is an increased degree of genetic variation 
among individuals as well as between groups. Since all 
traits, including both qualitative and quantitative traits, 
are the result of gene structures, it is important to look at 
variation or polymorphism among DNA sequences. DNA sequences 
are more informative than protein sequences or 
electrophoretic variation of proteins because a large part of 
DNA sequences are made up of noncoding sequences or introns. 
By contrasting different DNA sequences, the polymorphism 
caused by deletion, insertion, crossing over, gene 
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transposition and gene conversion can be observed. Just as 
with the DNA, nucleotide sequences are conserved in almost 
all species and it is even possible to perform comparisons 
between species, an approach impossible by classic genetic 
theories. 
Although it has been demonstrated that nearly all higher 
animals have a major histocompatibility gene complex (MHC), 
the discovery of these complexes and their functions is 
relatively recent. The MHC has as its primary function 
allograft rejection and regulation of immunologic reactions 
against all kinds of antigens. Therefore, the MHC is 
naturally involved with immune responsiveness and disease 
resistance. Furthermore, MHC-linked genes may also be 
associated with reproductive and productive traits in farm 
animals. 
The different MHC types have been identified 
classically through serological or cellular methods to see 
variation among individuals. The recent development of 
molecular biology techniques, however, enable one to look at 
that genetic variation for the MHC genes beyond the protein 
level and in terms of DNA sequences. These techniques have 
become potentially powerful tools with which animal breeders 
can screen animals for future selection. 
3 
LITERATURE REVIEW 
Major Histocompatibility Complex 
Structure and function 
The genetic control of alloantigenic expression for 
cells in the mouse was first described serologically in 193 6 
(Gorer, 1936). The concept of the major 
histo(=tissue)compatibility complex (MHC), however, was not 
established until 1953 when Snell demonstrated the graft 
rejection assay using inbred strains of mice. It was 
specifically termed Histocompatibility-2 (H-2) antigen for 
mice. Dausset (1958) first identified leukocytic and 
platelet antigens in humans which were then called the Human 
Leukocyte Antigen (HLA) complex for the MHC in humans. The 
MHC has been found in all mammalian species studied to date. 
It is now known that the MHC is a cluster of discrete 
genes which code for glycoprotein antigens on all cell 
surfaces. This gene complex is a highly polymorphic genetic 
system located on the middle of chromosome 17 in the mouse, 
and on the short arm of chromosome 6 in humans (Salman, 
1982). The size of the H-2 complex is about 1 centimorgan 
(cM) corresponding to about 2000 kilobases (kb) of DNA, 
whereas the HLA complex covers about 1.5 cM, corresponding to 
about 3000 kb of DNA (Warner, 1986). To date, more than 50 
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distinct alloantigens have been identified that are 
associated with graft rejection, and it has been found that 
the genes which govern these antigens are linked to other 
genes which regulate immune response, the complement system, 
and disease resistance. 
The structural genes of the MHC region can be classified 
into three major groups of genes; class I, class II, and 
class III. Class I genes consist of H-2K, H-2D, H-2L, H-2R, 
and H-2QA-TL in the mouse, HLA-A, HLA-B, HLA-C, and HLA-QA-TL 
in the human, and contribute primarily to histocompatibility 
and graft rejections (Klein, 1982). 
Approximately 56 H-2 antigens in inbred strains and 6 
antigens in the wild population (Klein, 1975b) have been 
found and are associated with 26-35 genes (Steinmetz and 
Hood, 1983) in the mouse. A total of 69 antigens (19A, 42B, 
and 8C) in humans (Barrett, 1983), 20 antigens in the chicken 
and 30 antigens in swine (Vaiman, 1985) have been identified 
as the products of class I genes. The large number of 
alleles in the class I genes has resulted in extensive 
polymorphism and recent studies (Weiss et al., 1983; 
Nathenson et al., 1985) have shown that gene conversion could 
be responsible for the high number of polymorphic alleles, as 
well as the introduction of new sequences in a given 
histocompatibility gene. 
The class I genes at the H-2K and H2-D loci have been 
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biochemically identified as glycoproteins with a molecular 
weight (mw) near 45,000 daltons, which are expressed as 
heterodimers, together with /32-microglobulin, on the surface 
of virtually all cells (Wake et al., 1985). 
Class I genes also comprise a set of three loci of the 
QA series and the TLA genes. The QA genes encode for QA 
antigens found on lymphocytes, and the TLA antigens are found 
on T cells present in leukemia and on immature T cells in the 
mouse thymus. The gross chemical characteristics of the QA 
and TLA proteins resemble other class I gene products with a 
44,000 molecular weight (Barrett, 1983). In contrast to the 
mouse MHC, all HLA class I genes including the QA and TL 
genes appear to be located within the the same chromosome 
region. Only a small number of these genes code for the HLA-
A,B and C products whereas the bulk of them are possibly the 
equivalent of the murine QA-TL genes (Cohen et al., 1983). 
The class II genes in the I region of the mouse MHC are 
known as the Ir genes, and the I region contains at least 6 
class II genes closely linked as a cluster of 100 kb of DNA 
in length (Steinmetz et al., 1982). Class II proteins, the 
products of the class II genes, are found on B cells and 
macrophages (Barrett, 1983). These proteins provide self-
recognition elements to allow these cells to interact with 
the foreign antigens to produce antibody secreting plasma 
cells, to stimulate cytotoxic T cells (I-A and I-C genes) or 
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to generate suppressor T cells (I-J gene). 
The D region of the human MHC is divided by three 
distinct sub-regions referred to as DP, DQ, and DR. The DQ 
and DR sub-regions parallel the mouse I-A and I-E gene 
regions. The equivalent region to the DP sub-region has not 
been found in mouse MHC (Vaiman, 1985). The products of the 
class II genes of HLA are found on B cells and macrophages. 
The D region is believed to control the helper and suppressor 
function of the immune system. The two biochemically well-
defined class II molecules, I-A and I-E genes products, are 
heterodimers composed of a and (3 chains. The a chains range 
in molecular weight from 30,000 to 33,000 daltons and the (3 
chains from 27,000 to 29,000 daltons (Hood et al., 1984). 
The I-A genes are highly polymorphic, whereas the I-E genes 
are not (Hood et al., 1984). 
The class III genes, Sg, Sip, C2, and Bf (Hood et al., 
1984), are located in the S region in mice. The products of 
these genes are subsets of the serum proteins numbered from 
CI to C9 and are involved in the complement system. The 
complement system, triggered when IgM and IgG antibodies bind 
to foreign antigens, participates in several important immune 
responses including cytolysis. The HLA class III region 
contains four genes; C2, Bf, C4A, and C4B. They are also 
associated with the complement system. The complement system 
is a set of proteins that constitutes about 10% of globulins 
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in the normal serum of humans and other vertebrates. The 
molecular weight of the components of the complement ranges 
from 79,000 to 410,000 daltons (Barrett, 1983). All 
complement molecules also show high polymorphism. More than 
10 allotypes were described for human C3 and C4. 
Resistance to disease and traits associated with MHC 
The relationship between disease resistance and the MHC 
has been intensively investigated since the first report 
(Lilly, 1968) that the murine H-2 system was correlated with 
susceptibility of the mouse to leukemia. There are five 
common features in MHC immune-related disease. These include 
genetic disposition, malfunctions of the immune system, 
various exogenous agents, self-components, and physiological 
factors (Klein, 1982). 
More than twenty diseases are known to associate with 
the HLA and are involved either in autoimmune or immune 
deficiency functions (Barrett, 1983). In the chicken, there 
have been consistent findings on resistance to Marek's 
disease, lymphoid leukosis viruses and Rous Sarcoma virus 
being correlated to the B complex (Briles et al., 1977, 1983, 
Gebriel et al., 1979, Gilmour, 1984). Pevzner et al. (1975) 
and Nordskog et al. (1977) demonstrated that the genetic 
control of immune response to Salmonella Pullorum antigens 
was related to the B complex in the chicken. It appears that 
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chickens of the haplotype of the MHC show stronger 
resistance than other haplotypes. 
The W2 haplotype of the MHC in cattle (BoLA) has shown a 
higher resistance to mastitis, a disease which represents a 
major threat to milk production (Spooner, 1985). The Equine 
leukocyte antigen (ELA) system also appears to be strongly 
associated with Equine sarcoid, a cutaneous, fibroblastic 
growth and the most common tumor in the horse (Lazary et al., 
1986) . 
Although the major histocompatibility complex is 
primarily associated with functions of immune system, MHC-
linked genes may also be involved in the determination of 
productive or reproductive traits. There have been reports 
of correlations between certain alleles of chicken MHC and 
egg-laying performance of hens (Briles and Allen, 1961). 
Simonsen et al. (1982) showed that the B15 and B19 haplotypes 
are more highly associated with superior egg production than 
other B haplotypes. In the mouse, Yamasaki et al. (1976) 
reported that H-2 linked genes are involved in mating 
preference, and Ivanyi (1978) found that H-2 linked genes 
contribute to the heritability of testis weight. The Fed 
(preimplantation embryo development) gene in the MHC of mice 
controls the rate of early embryonic development and, 
consequently, affects embryo survival and overall 
reproductive performance (Warner, 1986). The association of 
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rat MHC (RT-1) with growth and fertility traits has also been 
reported (Kunz et al., 1980). 
Major Histocompatibility Complex in Swine 
Structure of the swine MHC 
The existence of the pig MHC or Swine Leukocyte Antigen 
(SLA) complex was first reported by Viza et al. (1970) and 
Vaiman et al. (1970). The SLA complex was found to be on 
chromosome 7 in the pig through use of in situ hybridization 
(Geffrotin et al., 1984, Rabin et al., 1985, Fries et al., 
1987). 
The structure of the SLA has been generally determined 
(Vaiman et al., 1979) and has been found to resemble the HLA 
more closely than the H-2 (Singer et al., 1982, 
Thistlethwaite et al., 1983). The MHC in miniature swine 
spans about 0.8 cM or approximately 1000 to 2000 kb of DNA 
(Singer et al., 1983). It was estimated that the SLA complex 
in domestic pigs encompassing about 1 cM (Vaiman et al., 
1987). The SLA complex also contains three different types 
of genes; class I, class II, and class III genes. 
The class I genes are associated with at least three 
loci; SLA-A, -B, and -C, and are analogous to the HLA class I 
gene loci. The class I gene products, SLA-A, -B, and -C 
antigens, each consist of a polymorphic heavy chain of 
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approximately 44,000 daltons with a nonpolymorphic light 
chain, 02"Microglobulin, of 12,000 daltons (Chardon et al., 
1978, Lunney and Sachs, 1978). Although the relative 
position of different loci within each class of the SLA is 
unknown, the distance between SLA-A and SLA-B loci has been 
estimated to be 0.05 cM (Lunney et al., 1986). The number of 
genes in class I SLA region was estimated to be approximately 
6 to 15 (Singer et al., 1982, Chardon et al., 1985b, Warner 
1986), a number considerably fewer than the 20-25 genes of 
the HLA and the 25-3 0 genes estimated to be in the H-2 of 
mice (Hood et al., 1984). 
The class II genes are located in the SLA-D region. Two 
loci of the region, SLA-DR and -DQ, have been identified 
(Lunney and Sachs, 1978). These two loci are also analogous 
to HLA's DR and DQ loci and the HLA-DP like locus which has 
been suggested by recent DNA hybridization data (Lunney et 
al., 1986). The SLA-DR locus is located 0.4 cM distant from 
the SLA-A region (Sachs et al., 1976; Vaiman et al., 1979). 
The class II gene products or la antigens have molecular 
weights of approximately 25,000 and 31,000 daltons (Lunney 
and Sachs, 1978) . 
The class III genes were first shown to be associated 
with the SLA complex by comparing levels of complement 
activity between different SLA haplotypes (Vaiman et al., 
1978) and later by restriction fragment length polymorphism 
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analyses of the C4 locus (Kirszenbaum et al., 1985, Lie et 
al., 1987) and of the C2 and Bf loci (Lie et al., 1987). 
Although the class III genes are thought to be located 
between class I and class II genes, their relative distances 
from class I and class II loci have not yet been calculated. 
Traits associated with SLA 
The relationship of the SLA complex and other traits 
has received some study. A small association of the SLA 
complex with growth and carcass traits has been reported 
(Capy et al., 1981). Kristensèn et al. (1982) also found 
evidence of a correlation between an SLA haplotype and the 
performance of piglets. Among the most frequent SLA 
haplotypes, 2.8.11 and 11.16. the haplotype 2.8.11 was 
related to heavier weaning weights than that of 11.16 at 3 
and 4 weeks of age. Vaiman (1985) reported significant 
correlations between some haplotypes and growth rate and 
backfat thickness. Rothschild et al. (1986a) showed the SLA 
class I haplotypes play an important role in early growth in 
pigs. 
Recently, intensive investigations have been performed 
to examine the relationship between the SLA complex and 
reproductive traits. Vaiman and Renard (1980) first reported 
that a deficit of piglets resulted from matings of parents 
sharing a certain SLA haplotype, and suggested that pre-
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implantation mortality may have been the cause. Renard et 
al. (1982) also concluded that the homozygosity of some SLA 
haplotypes results in a reduction of litter size. Rothschild 
et al. (1984) found the frequencies of SLA haplotypes were 
significantly different between the high ovulation and the 
control line of the Nebraska gene pool lines. Vaiman (1985) 
claimed that prolificacy may be related to the SLA complex 
and that SLA haplotype 20.4.5 is associated with higher 
litter size. This haplotype was found in the Meishan breed 
of China which is known for its high prolificacy. 
Additionally, Rothschild et al. (1986b) found that the 
SLA complex appears to be associated with male reproductive 
traits. Two SLA haplotypes, 13.9 and 7, had significant 
negative effects while two other haplotypes, 25 and 13.19. 
had positive effects on testicular size and hormone level in 
male swine. More recently, Conley et al. (1987) found 
miniature sows of SLA^/d genotype had a higher ovulation rate 
than SLA^/s or SLA^/c females and that the SLA^ haplotype was 
associated with larger litter size when compared with the 
SLA^ and SLA*^ haplotypes. 
Restriction Fragment Length Polymorphism (RFLP) in the MHC 
Immunologic differences have been elucidated on the 
basis of expression of the proteins encoded by the MHC genes. 
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In other words, the MHC typing has been performed through the 
use of serological, cellular, and immunochemical techniques. 
It has become possible, however, to evaluate the genetic 
polymorphisms at the nucleic acid level for the MHC genes 
using the Southern (1975) blotting hybridization. More 
recently, restriction fragment length polymorphism (RFLP) 
analysis has become an alternative approach to the 
conventional MHC typing. The RFLP method is regarded as a 
more powerful tool and the only biochemical methods 
applicable to the analysis of large number of individuals. 
Therefore, RFLP analysis is well adapted to population 
genetics at the present time (Cohen et al., 1985). 
In practice, DNA is isolated from the white blood cells. 
The extracted DNA is incubated with restriction endonucleases 
which recognize and cut specific nucleic acid sequences of 
the DNA into fragments. Then these DNA fragments can be 
separated by migration through agarose gel electrophoresis. 
The DNA is then transferred from the gel to a nitrocellulose 
filter by Southern blotting and then hybridized with a 
radioactively labeled probe to detect the DNA sequence of 
interest. The nitrocellulose filter is washed and dried and 
is then autoradiographed so that the restriction fragments 
which contain any part of the probe DNA can be visualized. 
The RFLP approach gives virtually an unlimited number of 
polymorphisms (if they exist) with the genetic 
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characteristics of Mendelian inheritance, codominant 
expression, multiple alleles, and absence of pleiotropic 
effects on economic traits (Beckmann and Seller, 1986). The 
application of RFLP analysis could have a variety of uses 
including parentage identification, restriction mapping of 
DNA sequences, the early marker-assisted selection of 
individuals, and defining genetic variation among 
observations at the nucleic acid level. RFLP analysis 
provides to breeders a new sophisticated tool that is 
discriminatory and enables one to increase efficiency above 
that of conventional procedures. A drawback is that this 
approach may have problems of false bands and difficulty in 
detecting extreme size of bands. 
Cohen et al. (1985) suggested that the two major 
strategies for the study of RFLPs in the MHC are the genetic 
analysis of gene families and the determination of haplotypes 
from phenotypic data. Cohen et al. (1983) found particular 
restriction fragments associated with serologically defined 
alleles in the human MHC. Cann et al. (1983) found a certain 
restriction fragment associated with a HLA-B gene. Orr 
(1983) indicated from the results of RFLP analysis that more 
genes appear to exist in HLA class I region than the genes 
account for the HLA-A, B and C. About 80 % of serologically 
defined epitiopes were correlated with RFLPs results (Vaiman 
et al., 1986). Cohen et al. (1985) showed that the results 
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of RFLP analysis of the class I and class II HLA genes. The 
number of bands detected varied from 15 to 25 according to 
the enzymes used, and most of the fragments correlated with A 
loci alleles. Furthermore, they found that the DR3/DR4 
heterozygote individuals were particularly susceptible to 
insulin-dependent diabetes mellitus. Chardon et al., (1985a) 
also found a greater polymorphism in the swine MHC from RFLP 
analysis than that determined by serology. 
In general, recent analyses by the RFLP approach of the 
HLA, H-2, and SLA have demonstrated the degree of 
polymorphism is far greater than previously supposed (Orr, 
1983, Cann et al., 1983, Cohen et al., 1985, Chardon et al., 
1985a, Chardon et al., 1985b, Vaiman et al., 1986). It has 
been suggested that the considerable increase of 
polymorphisms may have resulted from non-coding segment of 
RFLPs (Vaiman et al., 1986). Chardon et al. (1985a) found 13 
to 14 bands were distinguishable in SLA class I genes with 
molecular size ranging from 3.7 to 23.7 kb. Seven to ten 
restriction fragments were observed with a class I probe of 
the HLA cDNA whose size ranged from 3.4 to 22 kb and few 
bands were common to all 13 haplotypes (Chardon et al., 
1985b). Ten restriction fragments from the swine SLA DNA 
sequence were reported with a HLA class I cDNA probe (Warner, 
1986). From these results it has been estimated that the SLA 
class I region contains 7 to 15 genes (Singer et al., 1982, 
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Chardon, 1985a, Warner, 1986). Kirszenbaum et al. (1985) 
found the existence of a polymorphism of the pig C4 using a 
HLA class III genes probe as did Lie et al. (1987) for C4, 
C2, and Bf. 
Genetic Variability in DNA Sequences with 
Restriction Endonucleases 
There are three possible ways to compare differences 
among different DNA sequences. The most ideal approach is to 
identify the complete nucleotide sequence in the DNA. The 
second method would be to construct restriction endonuclease 
maps which indicate the cleavage sites of certain restriction 
endonuclease enzymes. The third alternative way is to 
compare the length of fragments cut by restriction enzymes 
between different DNA sequences. At present, the first and 
second approaches are costly and time consuming for a large 
number of DNA sequences. 
Evolutionary Change of Nucleotides 
Spontaneous mutations, which may be fixed or lost for a 
population, cause variation between species evolved from a 
common ancestor. Genes transmit instructions to produce 
their products (proteins) and mutations could occur at any of 
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the nucleotide sites. They may cause an infinite number of 
allelic forms (Kimura and Crow, 1964). Under the neutral 
alleles theory, at the equilibrium state where mutation and 
random genetic drift are balanced, the expected 
heterozygosity (H) or gene diversity is 
H=4NeV/(4NeV+l), 
where Ng is effective population size, and v is mutation rate 
per generation (Nei, 1975) and the heterozygosity is 
equivalent to the subtraction of the stable equilibrium 
probability of homozygosity (F) from 1 (Pollak, 1986). 
Four basic mutational events are considered at the DNA 
level in evolutionary change. They are horizontal gene 
transfer, i.e., (1) nucleotide substitution, (2) insertion or 
deletion, (3) unequal crossing over, and (4) gene conversion. 
Although the differentiation of DNA sequences is caused by 
four different mutational events, they rarely occur, and the 
extent of DNA polymorphism may be studied by essentially the 
same statistical methods (Nei et al., 1984). 
A restriction endonuclease recognizes and cleaves a 
specific sequence of nucleotide pairs. Therefore, it is 
reasonable to assume that the more similar DNA sequences are, 
the closer are the cleavage patterns they produce. 
Consequently, it is possible to estimate the nucleotide 
differences between two homologous pieces of DNA by using 
restriction sites and restriction fragment length 
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polymorphisms. 
Mathematical Models to Estimate DNA Divergence 
Upholt (1977), Nei and Li (1979), Nei and Tajima (1981), 
Ewens et al. (1981), and Engels (1981) developed mathematical 
models to calculate DNA divergence for the polymorphisms 
revealed by a restriction endonuclease. Nei and Li (1979) 
and Nei and Tajima (1981) justified and refined the models, 
although they are all based on those of Upholt (1977). Most 
models, except that of Engels' (1981), were based on the main 
assumption that mutation occurs only through nucleotide 
substitution. 
Estimation of DNA divergence bv restriction site differences 
It is necessary to look at the procedures to establish 
the mathematical models in detail and to understand them. 
Let Mt = the total number of nucleotides in a DNA sequence, 
g = the Deoxyguanylate(G) + Deoxycytidylate(C) content, 
ri = the number of G+C base pairs in the restriction 
sites, 
V2 = the number of Deoxyadenylate(A) + 
Deoxythymidylate(T) base pairs in the restriction 
sites and 
r = ri + r2. 
Then a = E(frequency of restriction sites within r nucleotide 
pairs) 
= (g/2)ri((l-g)/2)ri, and 
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E(n) = E(number of restriction sites in a DNA sequence), 
= Mt*a. 
Since a tends to be small and Mt tends to be large, n follows 
the Poisson distribution with mean Mt*a (Nei and Li, 1979). 
When we assume that nucleotide substitutions occur randomly 
and follow the Poisson process with a substitution rate r per 
unit time, then the probability that an original restriction 
site remains unchanged by time t is P=e~^ '"'-. 
Let us consider the DNA divergence between two 
populations X and Y, and assume the two populations 
originated from a common ancestral population. Let n^ and ny 
be the number of restriction sites in populations X and Y and 
njjry be the shared restriction sites for both populations in a 
certain homologous DNA sequence. Under the present 
assumption n^y follows a binomial distribution, and the mean 
and variance of n^y are given and nop2(l-p2),' 
respectively, in which ng is the total number of restriction 
sites at t=0. On the other hand, the proportion of ancestral 
restriction sites that remain unchanged in both populations 
is s = n^y/riQ. Then the mean of s , s = p2, and V(s) = 
p2(l-p2)/nQ. since P = e"^'"^, the mean number of nucleotide 
substitutions per nucleotide site (S = 2Tt) is 
S  = -(lns)/r (Upholt, 1977, Nei and Li, 1979). 
The s may be estimated by s = n^y/n, where n is the average 
number of bands or restriction fragments of samples, because 
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E(no) = E(njj) - E(ny) = E(n). 
For the statistical properties, 
V(s) = (s(l-â)-§2(i-â^) (l+(l-s) Vs) )/n (Nei and Tajima 1981). 
V(S) = V(ê)/(râ)2 (Nei and Li, 1979) 
« (l-s)/r2ns(l+s) (Nei et al., 1984). 
As the above two equations indicate the variance of s and S  
depend on n, therefore it is important to increase the 
reliability of s by using many different restriction 
nucleases. 
Estimation of DNA divergence bv fragment length differences 
Upholt (1977) suggested two conditions for the 
conservation of a restriction fragment: (1) the two existing 
external sites must remain unchanged and (2) a new site may 
not occur within the fragment. The probability of the first 
event is p2. Let m be the number of nucleotides in the 
conserved fragment and b be the probability that a new 
restriction site is formed at a nucleotide site. Then 
b=a(l-P) as before, and the probability of second event is 
(l-b)™"f+l since there are m-r+1 possible sequences of r 
nucleotides in m nucleotides in the fragment. Then the 
probability that this fragment remains unchanged in both 
populations is p4(l-b)2(M^-r^+l), The probability of 
formation of a fragment of m nucleotides is a(l-a)^~^/T, in 
which T is the normalizing factor and given by 
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T = S a(l-a)™"^ = l-(l-a)Mt-r+l (wei and Li, 1979). 
m=r 
Therefore the expected proportion of fragments that remain 
unchanged in both populations at time t is 
Mt 
F = S p4(i-b)2(m-r+l)a(i_a)m-r/T (wei and Li, 1979). 
m=r 
Assuming that (Mt-r+l)a is so large that T is close to 1, 
F « a(l-b)2p4/(a(i-b)2+b(2- b ) ) .  
Since a is usually much smaller than 1 and b=a(l-P), 
F « p4/(3-2P) (Nei and Li, 1979). 
It can be calculated to get 5 in terms of F by iteration, for 
example, Newton's method by using p=e~^^^ and S=2rt. Then, F 
can be estimated by F=nxy/n, where n^y is the number of 
fragments shared with two individuals and n is the average 
number of fragments among samples. On the other hand, Upholt 
(1977) neglected to multiply both probabilities of both 
populations to calculate the expected proportion (F) of 
fragments that remain unchanged. Despite this minor error, 
his equation for S in terms of P gives a good approximation, 
which is 
5 « l-(((F2+8F)^-F)/2)Vr (Upholt, 1977). 
The variance of the mean estimated sequence divergence is 
V(î) = &(l-5)/N (Upholt, 1977), 
where N is the number of independent nucleotide positions in 
the cleavage sites and nucleotides in common at cleavage 
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sites may be counted only once. 
Comparison of two estimates calculated bv restriction sites 
and fragment length differences 
Nei and Li (1979) compared the above two approaches for 
calculating the number of nucleotide substitutions (S) by 
using a computer simulation program. They concluded that the 
estimate of S by using restriction site differences generally 
also agree well with expected values, and the estimates by 
using fragment length differences generally agree well with 
expected values. Therefore, it is a reasonable approach to 
estimate S from DNA fragment length polymorphisms. 
Nucleotide diversity 
Nei and Li (1979) proposed nucleotide diversity (tt) as 
an expression of the heterozygosity of nucleotide sites. It 
may be estimated by 
ij 
TT = (Nei et al., 1984), 
"c 
where Tr^j is the proportion of different nucleotides between 
the ith and jth DNA sequences and n^ is the total number of 
comparisons available. The TT^j can be estimated by S as 
derived before. 
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Other mathematical models for the DNA differences 
Nucléon diversity The term 'nucléon* was proposed by 
Nei and Tajima (1981), as any DNA segment of an individual 
that corresponds to a gene. They also introduced the term 
'nucleomorph' as different restriction-site patterns for a 
given nucléon which correspond to alleles or allelomorphs. 
To measure genetic variation among individuals they used 
nucléon diversity which is analogous to heterozygosity or 
gene diversity (Nei, 1975). Then, the estimate of the 
nucléon diversity is 
1 
n = (1-Z x2i)/(n-l), 
i=l 
where n is the number of nucléons sampled, is the sample 
frequency of the ith nucleomorph, and 1 is the number of 
nucleomorphs. 
Mean number of restriction site differences The 
extent of DNA polymorphism can also be measured in terms of 
nucléon variation. This is the mean number of restriction 
site differences (fj,) (Nei and Tajima, 1981) . The ix can be 
estimated by 
A = n S XiXjMij, 
where n is the number of nucléons sampled, or Xj is the 
sample frequency of ith or jth nucleomorph, respectively, 
is the number of restriction site differences between the ith 
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and jth nucleomorphs, and /x^j is zero. 
For neutioi nucleomorphs, the expectation of (m  over the 
stochastic process is equal to 4NeU, where u is the mutation 
rate per nucléon (Nei and Tajima, 1981). As the authors 
indicated, one problem with the above estimates of nucléon 
variation is they depend on the size of nucléon studied and 
generally increase as the size increases. But, it can be 
used to estimate # by because the mutation rate per 
nucléon (u) and the mutation rate per nucleotide (ju) can be 
related by 
u = 2 S rn^ri^, 
where m^ and r^ are the number of restriction sites per 
nucléon and the number of nucleotides in the recognition site 
for the ith restriction enzyme used, respectively. 
Therefore, the equation to estimate i t  is 
i t  = #/(2 2 m^ri) (Nei et al., 1984). 
Probability of nucleotide heterozvqositv Ewens et 
al. (1981) developed a model which estimates the probability 
of nucleotide heterozygosity (0) by using the number of 
restriction sites (k) that cause polymorphisms in DNA 
sequences. They assumed that all polymorphism of restriction 
sites in DNA sequences are neutral and that the population is 
in equilibrium with respect to the effects of mutation and 
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genetic drift so that 6 = 4Nv. Therefore the 0 is equivalent 
to the IT used by Nei and Li (1979) . The 0 can be estimated 
by 
Ô =k/(12mlnn), 
where m is the number of cleavage sites in a DNA sequence, 
and n is the number of DNA sequences sampled. 
Heterozygosity per nucleotide position and probability 
of nucleotide polymorphism Engels (1981) employed a 
maximum likelihood method and a non-parametic empirical 
approach to estimate genetic divergence and genetic 
variability of DNA sequences by using information of 
restriction sites and fragment lengths. The main advantages 
of his model were its independence from evolutionary or 
population genetic models, and it required minimal 
assumptions concerning population structure. However, it 
does not take into account the homozygosity at the non 
restriction sites (Nei, 1987a, personal communication). 
Application of the Mathematical Models 
It is important to study the characteristics of genes or 
DNA sequences of interest before using the mathematical 
models. 
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Mitochondrial DNA 
The mitochondrial DNA (mtDNA) in animals is a closed 
circular molecule of 15,000 to 17,000 basic pairs in length. 
It is maternally inherited and exists in haploid form, thus 
it shows remarkable conservativeness in size, function and 
organization. The divergence of mtDNA between species is 
mainly due to nucleotide substitution (Upholt, 1977). The 
complete nucleotide sequences of the mtDNA genome of the 
mouse, cow and human have shown that the overall sequence 
divergence between man and mouse is approximately 30 % (Avise 
and Lansman, 1983). 
From the perspective of population geneticists 
interested in polymorphisms in mtDNA sequences,however, 
quicker and easier means are needed. Therefore, the 
mathematical models to estimate nucleotide diversity were 
extensively used for mtDNA polymorphisms. The estimated 
nucleotide diversity (tt) of mtDNA within species ranges from 
0.004 to 0.013 in five different species (Table 1). It 
shows comparatively smaller variation than that of nuclear 
DNAs. 
Nuclear DNA 
The polymorphism of nuclear DNA has been studied by 
cloned homologous sequences or fragments homologous to the 
probe. In practice, very few studies have reported the 
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Table 1. Estimates of nucleotide diversity (tt) or the 
proportion of nucleotide differences between a 
selected pair of DNA sequences (%^j) 
DNA or 
gene region Organism Method n^ tt or 7rj[j Source^ 
Nucleotide diversity (tt) 
mtDNA Man RC 100 0. 004 1 
mtDNA Chimpanzee R 10 0. 013 2 
mtDNA Gorilla R 4 0. 006 2 
mtDNA Peromyscus R 19 0. 004 3 
mtDNA Musk Shrew , R 6 0. 005 4 
mtDNA Fruitfly R 10 0. 008 5 
mtDNA Great Tit R 18 0. 002 6 
/3-globin Man R 50 0. 002 7 
Growth hormone Man R 52 0. 002 8 
Adh gene region Fruitfly R 18 0. 006 9 
Adh coding region Fruitfly 11 0. 006 10 
H4 gene region Sea urchin S 5 0. 019 11 
Hemagglutinin Influ. virus S 12 0. 510 12 
Selected pair of DNA sequences 
Insulin Man S 2 0.003 13 
Immuno. Ck Rat S 2 0.018 14 
Immuno. IgG2a Mouse S 2 0.100 15 
^Sample size. 
^Source; 1. Cann et al., 1982. 2. Ferris et al., 1981. 
3. Avise et al., 1979. 4. Yamagata et al., 1987. 5. Shah 
and Lampley 1979. 6. Tegelstrôm 1987. 7. Kazazian et 
al.,1983. 8. Chakravarti et al., 1984. 9. Langley et al., 
1982. 10. Kreitman 1983. 11. Yager et al., 1984. 12. Air 
1981. 13. Ullrich et al., 1980. 14. Sheppard and Gutman 
1981. 15. Schreier et al., 1981. 
^Restriction enzyme technique. 
"DNA sequencing. 
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extent of nucleotide diversity of nuclear DNA. However, Tr^j 
for a selected pair of sequences from data in Table l 
indicate that the nucleotide diversity estimated by the 
restriction enzyme technique is in rough agreement with that 
of obtained by the sequencing method. In general, the IgG2a 
gene shows exceptionally high nucleotide diversity, and its 
high diversity may have resulted from gene conversion between 
this gene and its neighboring genes (Schreier et al., 1981). 
The MHC genes, which have similar structure to immunoglobulin 
genes, may have high DNA diversity caused by the gene 
conversion. Rothschild et al. (1983) reported that the SLA 
complex showed great variability among pigs. This variation 
reflects high DNA divergence indirectly because the 
investigation was based on serological analysis. 
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MATERIALS AND METHODS 
Description of Animals 
The Duroc breed of swine is red in color and originated 
in the northeastern section of the United States. Beginning 
about 1860, the Duroc breed of New York and the Jersey Red 
breed of New Jersey were systematically blended together. 
Thus the modern Duroc was developed in the beginning of the 
1880s (Smith and Hutchings, 1952). The Hampshire breed is 
black in color with a white belt encircling its belly and is 
believed to have originated in Kentucky in about 1835. 
Breeds with a similar white belt, for example, the Essex and 
Wessex Saddleback, had been found in the British Isles long 
before the formation of Hampshires. It is believed that the 
foundation stock may have been 15 head of belted hogs that 
were reported to have been imported from Hampshire County, 
England (Burkett, 1909, Chapman and Sheffer, 1936). Waters 
and King (1925), however, disputed the claim that they came 
from the Hampshire County in England. 
Data and blood samples were collected from 7 0 Duroc 
boars, ranging from 20-23 weeks of age and tested in a 
National Duroc Performance Test at the Pure Genetics Swine 
Test Station located at Ida Grove, Iowa, during the fall of 
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1986. This sample of Durocs was considered to be 
representative of the Duroc population in the United States. 
Similarly, data and blood samples were collected from 38 
Hampshire boars, ranging from 15-25 weeks of age and involved 
in a National Hampshire Performance Test at the Farmland 
Agriservices, Inc., Swine Test Station located at Lisbon, 
Iowa, during the spring of 1987. This sample was also 
considered to be representative of the its breed since the 
boars came from numerous herds and generally from different 
sires. 
The 70 Duroc boars were from 65 different litters and 
from 51 farms. The 38 Hampshire boars were from 32 litters 
from 22 different farms. The farms were located primarily in 
the midwestern area of United States. Three pairs of full-
sibs and four pairs of half-sibs were represented in the 
Duroc sample boars whereas seven pairs of full-sibs and three 
pairs of half-sibs were represented in the Hampshire sample. 
DNA Isolation and Gene Detection 
Blood samples 
Ten ml of blood was obtained from each boar by using a 
sterile method to avoid contamination of the samples. The 
samples were drawn from the jugular vein into a sterile 
syringe and subsequently transferred to sterile vacuum tubes 
31 
containing 143 USP. units of sodium heparin (Vacutainer of 
Vacutainer Systems; Rutherford). Blood samples were 
collected by the stations' veterinarians. 
Isolation of the DNA 
All DNA isolation and RFLP analysis was performed by Dr. 
Mike Flanagan in the laboratory of Dr. Carol Warner at Iowa 
State University. The heparinized blood samples (10 ml) were 
diluted (1:1) with 10 ml phosphated buffered saline (PBS per 
liter dH20; 4.5 g NaH2P04.7H2O, 9.5 g Na^HPO^, 74.0 g NaCl, 
pH=7.5). The dilution was centrifuged at 200 x g for 10 
minutes (m) at a temperature of 22° C to pack the blood 
cells. The supernatant was removed and 20 ml of ice-cold red 
blood cell lysis buffer (RBC per liter dH20; 0.155M NH4CI, 
0.1 mM ethylene diamine tetraacetic acid (EDTA), 10 mM KHCO3, 
pH=7.2) was added and the samples were allowed to incubate 
for 5 m at room temperature. The samples were then 
centrifuged at 400 x g for 5 m, and then the supernatant was 
discarded. The cells were washed with 2 0 ml of sterile PBS 
and centrifuged at 300 x g for 5 m at room temperature and 
then the RBC lysis step was repeated until no red blood cells 
remained. The pelleted white blood cells were subsequently 
washed 3 times with sterile PBS and spun at 300 x g for 5 m 
at room temperature, then resuspended in sterile 10 x TE 
buffer (Tris-EDTA buffer; 100 mM Tris-HCl, 10 mM EDTA, 
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pH=7.5). Nine ml of a white blood cell lysing solution (0.7 
% sodium dodecylsulfate (SDS) and 0.1 mg RNase (Boehringer 
Mannheim Biochemicals)) were added to the cell suspension. 
The lysates were incubated for 2 hours at 37° C followed by 
the addition of 250 fxl proteinase k (20 mg/ml stock, 
Boehringer Mannheim Biochemicals). Samples were left for 
overnight incubation at 37°C. The cell lysates were 
extracted once with an equal volume of tris-saturated phenol, 
twice with phenol/chloroform (24 phenol, 23 chloroform, 1 
isoamyl alcohol) and twice with chloroform (23 chloroform, 1 
isoamyl alcohol). One ml of 3 M sodium acetate (pH 5.5) was 
added to the sample. They were mixed with 2.5 times volumes 
of ice-cold 95% ethanol and they were stored overnight at -
20°C to precipitate the DNA. 
Precipitated DNA was spooled onto cold, sterile glass 
rods which were slightly bent at the end, and allowed to air 
dry in a sterile hood. After evaporation of the ethanol, the 
DNA was slowly dissolved in 1 ml of sterile distilled water 
during a 2-3 day incubation at 4°C. The concentration and 
purity of the isolated DNA were determined from ultraviolet 
absorbance readings of a Beckman DU spectrophotometer taken 
at O.D. 260 nm and O.D. 280 nm. 
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Restriction endonuclease digestion 
The isolated genomic DNA (10 micrograms) was partially 
digested with the restriction endonucleases Pvu II, BamH I 
and EcoR I (New England Biolabs) under conditions specified 
by the manufacturer. The DNA was digested with 2 additions 
of 4 units of enzyme per jtxg DNA each, added 1 hour apart. 
Each addition of enzyme was followed by an 1 hour incubation 
at 37°C. The reaction was terminated by the addition of 1 nl 
of 0.5 M EDTA (pH 8.0) and heat shock at 65°C for 8 minutes. 
To serve as DNA size markers, lambda DNA (45 jul) was digested 
with 50 units of restriction enzyme Hind III. 
Gel electrophoresis 
Samples containing 10 fig of digested DNA were brought to 
a volume of 20 /il and loaded into the wells of a 0.8% agarose 
gel (20x25x0.8 cm). The electrophoresis chamber contained a 
Tris-borate buffer (0.089 M Tris-HCl, 0.089 M boric acid, 2 
mM EDTA) and electrophoresis was performed at 30 mA constant 
current for 24 hours. Following electrophoresis, the gel was 
stained with a concentration of 0.01 fig/ml ethidium bromide 
and, after approximately 3 0 m, the gel was photographed under 
ultraviolet light. The gel was submerged in several volumes 
of a 0.5 M NaOH, 1.5 M NaCl denaturing solution and incubated 
at room temperature for 1 hour with constant, but gentle 
agitation. The gels were rinsed in distilled water then 
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neutralized for 1 hour in a solution of 1 M Tris-HCl, 1.5 M 
NaCl with pH 5.5. 
DNA transfer 
The genomic DNA from the gel was transferred and blotted 
on pre-wetted nitrocellulose membranes by the method of 
Southern (1975). After transfer, the filters were air dried 
then baked at 80°C in vacuo for 20 min. to fix DNA to them. 
Probes 
Filters were probed for MHC class I gene sequences using 
the porcine genomic probe PDl-A described by Singer et al. 
(1983) (Figure 1). The porcine class I gene PDl-A (4.3 kb) 
is cloned within the BamH I and EcoR I site of pBR322 
plasmid. In the figure 1, numbers under the expanded section 
represent the SLA-coding regions, i.e., exons and 
untranslated regions. The first exon codes signal peptide 
leading sequence, exon 2 through 4 encode the al, ot2, and a3 
external proteins, exon 5 encodes the transmembrane, exon 6 
through 8 encode cytoplasm, and the 9th region represents 3' 
untranslated sequence (Klein, 1982). The whole plasmid was 
used as a probe and the plasmid was nick-translated and 
labeled with ^^P-dCTP (New England Nuclear) according to the 
method of Maniatis et al. (1982) to yield a probe having a 
specific activity of 1-3 x 10® cpm/fig DNA. 
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Figure 1. Partial restriction maps of PDl and PDl-A. 
a) Restriction map of PDl clone containing 17.8 kb 
pig DNA insert in Charon 4A. b) Expanded section 
of PDl containing approximately 3.6 kb of total 
SLA class I gene region (A) and 4.3 kb of PD-IA 
probe(B). It was modified from figure 2 of Satz 
et al. (1985) and figure 2 of Singer et al. 
(1983) 
Prehvbridization and hybridization 
The baked nitrocellulose filters were wetted for 10 m in 
6 X SSC (Sodium chloride and Sodium citrate; 1 x SSC is 0.15 
NaCl and 0.015 M Sodium citrate), then prehybridized in a 
mixture of 45% formamide, 45% 12 x SSC of pH 7.0, and 10% of 
a modified Denhart's solution (0.1 M sodium citrate, 0.05 M 
Na3P04'12H20. 0.9 M NaCl, 2% Ficoll (400,000 mw), 2% 
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Polyvinylpyrrolidone, 10% SDS, 0.005% polyadenylic acid). 
Denatured salmon sperm ssDNA was added to a concentration of 
2 mg/ml. Prehybridization was carried out at 42°c for 6 
hours. After prehybridization, the cellulose filters were 
rinsed once with 10 ml of the above solution without the 
salmon sperm DNA then hybridized in the solution this time 
replacing salmon sperm DNA with 0.01 /xg of the 32p-labelled 
probe (approximately 1-3 x 10® cpm/ml). Incubation for 
hybridization was carried out at 42°C for 18 hours. 
Following hybridization, the cellulose filters were 
subjected to four washes of 5 m each with a solution of 0.3 M 
sodium citrate, 0.3 M NaCl and 0.1% SDS at room temperature. 
These were followed by 2 stringency washes for 15 m each with 
a solution of 15 mM sodium citrate, 15 mM NaCl and 0.1% SDS 
at 55°C. Hybridized fragments were observed by 
autoradiography using Kodak XAR-5 x-ray film after exposure 
times of 1 to 3 days. 
Statistical and Mathematical Analysis of RFLP Patterns 
Conversion of DNA information into a matrix format 
Molecular sizes of the restriction fragments were 
determined by using size marker of Hind III cut lambda DNA 
restriction fragments. A series of intervals for molecular 
size was established to allocate all the restriction 
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fragments. The differences between intervals were set by 5-
10% to avoid allocations of more than one restriction 
fragment in an interval. Therefore, the data set of DNA 
information could be converted to a manageable matrix form 
with dimensions of the number of intervals with each interval 
representing a fragment by the number of animals. For 
instance, the data set of 39 intervals for restriction 
fragments with 70 Durocs, became a 39 by 70 matrix as an 
incidence matrix, which contained 0 or 1 scores. However, 
the degree of fragment intensity was ignored. 
Jaccard coefficient and cluster analysis 
The degree of similarity between two RFLP patterns was 
expressed in terms of a Jaccard coefficient (Jacquard, 1974). 
The Jaccard coefficient was calculated as an index expressing 
the degree of similarity between two RFLP patterns as a 
Table 2. Comparison of two DNA RFLP patterns according to 
presence or absence of the restriction fragments 
Pattern i 
Pattern j 
Present Absent 
Present n^ ng 
Absent 
"2 "4 
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proportion of the number of shared restriction fragments to 
the total number of restriction fragments in the two patterns 
combined (Table 2). 
Therefore: 
ni 
Jaccard coefficient = (Jacquard, 1974) 
ni + n2 + ng 
where n^ = the number of fragments present in both i and j, 
n2 = the number of fragments present in i but not j, 
n^ = the number of fragments present in j but not i, 
and n^ = the number of fragments present in neither i nor 
j-
All the possible comparisons among individual pigs were 
performed and these pairwise similarity coefficients were 
grouped into homogeneous subgroups by using unweighted pair-
group and average-linked cluster analysis (Sneath and Sokal, 
1973). Unweighted clustering does not prefer any direction 
nor the number of members in a group. The average linkage 
clustering method is based on average similarity between two 
objectives or between two cluster members, avoiding extreme 
results. 
To evaluate the properties of each cluster, a 
mathematical evaluation of the distribution of animals within 
each cluster was accomplished by a comparison of the 
Euclidean distances of each member from the centroid of each 
cluster (Johnson and Wichern, 1982). The Euclidean distance 
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was calculated by 
L = + X2^ + .... Xi2)l/2, i = l,2,....,n, 
where, L = Euclidean distance, 
Xj^ = Euclidean distance from an observation to a 
centroid of cluster, and 
n = the number of dimensions or the number of 
intervals for restriction fragment molecular 
weight. 
The Euclidean distance was not standardized because the 
distances are either of 0 or 1. 
Nucleotide diversity 
The genetic variability within and between breeds was 
calculated by nucleotide diversity (TT) based on restriction 
fragments length polymorphism patterns. Two approaches were 
used to estimate nucleotide diversity. The first approach 
was 
TT « 1 - (((p2 + 8P)l/2 - P)/2)l/r (Upholt, 1977). 
Its variance was estimated by 
V(#) = f( l - 7r)/N (Upholt, 1977). 
The second approach was 
ft = - (2/r)logeP (Nei and Li, 1979), 
where P = e and estimated by 
P  = (P(3 - 2Pi))V4 (Nei, 1987b). 
is a trial value of P  and P is obtained by iterating until 
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ï» = ?! is accomplished. The pV4 value was used as the first 
trial value of Pj.* The expected proportion of shared DNA 
restriction fragments (F) was estimated by 
P = nij/n (Nei and Li, 1979) 
for the nucleotide diversity within population, where n^j is 
the number of restriction fragments shared between ith and 
jth RFLP patterns, n is the average number of restriction 
fragments of all the members of a population. On the other 
hand, the F estimated for between two breeds was estimated by 
F = 2nxy/(nx + ny) (Nei and Li, 1979) 
where n^y is the number of restriction fragments shared 
between two RFLP patterns of two different breeds and n^ and 
ny are the average numbers of restriction fragments for Duroc 
and Hampshire breeds, respectively. 
To estimate total average nucleotide diversity (tt) , the 
following equation was used; 
g": 
# = (Nei et al., 1984), 
"c 
where TTij is the nucleotide diversity between ith and jth DNA 
sequences and n^ is the total number of comparisons 
performed. 
Calculation of inbreeding coefficients 
The inbreeding coefficients of all boars involved in the 
national performance tests were calculated from their 3 
41 
generation pedigrees by the method outlined by Quass (1976) 
using a PL/1 program obtained from Dr. P. J. Berger, Iowa 
State University, 1987. The Wright relationship coefficients 
of all related boars were calculated according to pedigree 
information supplied by the two breed associations. 
Relationship between DNA restriction fragments and production 
traits 
Four production traits, average daily gain on test 
(ADG), average backfat thickness adjusted to 230 lbs (BF), 
loin eye muscle area (LEA) and days of age at 23 0 pounds 
(DAY230) were measured and a selection index .(INDEX) was 
calculated for each animal in the Duroc sample at the test 
station. These production traits: ADG, BF, and LEA were 
collected and a selection index was also calculated for the 
boars of the Hampshire breed. The selection index used was 
INDEX = 100 + 110(ADG - â) - 105(BF - 5) (NSIF, 1981), 
where, a, B = test group averages for daily gain and 
backfat. 
A simplified statistical model used to analyze the 
production traits was consisted of two parts, i.e., a basic 
statistical model and a factor for each restriction fragment 
effect. The basic model included factors for cluster group, 
and the regression of the production trait on entry body 
weight (EWT) and an entry age (EAGE). The effect of each 
restriction fragment was added to the basic model separately 
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as a simplified model. The effect of a certain restriction 
fragment was examined by analyzing the presence or absence of 
the fragment in an individual animal. The basic model was: 
Yij = /Lt + Gi + b(EWT) + b(EAGE) + eij 
where Yj[j = measurement on jth boar in the ith clustered 
group, 
ju = overall breed mean, 
G^= the fixed effect of ith cluster group effect, 
b(EWT) = regression on entry body weight of the boar, 
b(EAGE) = regression on entry age of boar, 
e^j = the random error with an expected mean of zero 
and variance of the ith boar in the jth 
clustered group. 
In case of the Hampshire breed, however, the b(EAGE) was not 
included, because the entry age information was not 
available. 
An additional model was then used which was the basic 
model with a certain restriction fragment effect. It was: 
Yijk = jU + Gj, + b(EWT) + b(EAGE) + Fj + e^j^ 
where Yij% = measurement on kth boar with jth restriction 
fragment in the ith cluster group, 
Fj = the fixed effect of jth restriction fragment 
(present or absent), 
®ijk ~ the random error with an expected mean of zero 
and variance of the kth boar with jth 
restriction fragment in the ith cluster group. 
Errors were all assumed uncorrelated. All classes were 
considered to have the same variance for the random effect 
and a normal distribution. 
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The best fitting model, which including the effects of 
more than one DNA restriction fragment, was used to see if it 
maximizes variation explained by the model with a minimum 
number of restriction fragment variables. This model was: 
^ijk = M + Gi + b(EWT) + b(EAGE) + Fj + e^jk 
where Fj = the fixed effect of n number of restriction 
fragments, since j = 1, 2,...,n. 
To determine the number of restriction fragments, n, in the 
above model, stepwise regression method was employed. The 
stepwise regression method was developed to select a subset 
of the many possible independent variable combinations that 
constituted a good prediction of the response variable (SAS, 
1985). For example, the stepwise regression method began 
with three variables; group, entry age, and entry weight 
forced into the model for the Durocs. For each of the 
independent restriction fragment variables, an F statistic 
was calculated, which reflected the variable's contribution 
to the model if it was included. Other restriction fragment 
variables were added one by one to the model, and the F 
statistic for a variable to be added was required to be 
significant at the 15% level. After a variable was added, 
the method looked at all variables already included in the 
model and deleted any variable that did not produce an F 
statistic significant at the 15% level. The method ended 
when none of the variables outside the model had an F 
statistic significant at or below the 15% level. The level 
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of significance test was moderately higher than usual, since 
when many significance tests are performed, the overall 
probability of rejecting at least one true null hypothesis is 
much larger than 5%. 
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RESULTS AND DISCUSSION 
Basic Structure of Swine DNA RFLP Patterns 
RFLP analysis, after digestion with the restriction 
endonucleases Pvu II, BaitiH I, and EcoR I, revealed 
considerable polymorphism and complexity at the swine class I 
loci. For example, among the 70 Pvu II RFLP (Figure 2) 
patterns compared for Durocs, only 3 RFLP patterns were 
identical and a total of 68 different patterns were observed. 
Moreover, no restriction fragment was common to all patterns. 
The most frequent restriction fragment in Durocs was present 
in 62.9 % of patterns. The degree of polymorphysm was much 
higher than that of the RFLP result of human MHC class I 
genes (Orr, 1983). When Pvu II, Hind III and Bel I enzymes 
were used, between 30 % and 50 % of the restriction fragments 
were common in all serologically unrelated individual humans. 
In the Duroc breed, the average number of restriction 
fragments ranged from 8 to 11 depending on the different 
endonucleases (Table 3). The average size of restriction 
fragments for Pvu II, BamH I, and EcoR I were 5.0, 5.8, and 
9.6 kb, respectively. The genomic DNA restricted by EcoR I, 
hybridized more length in total than did the other two 
enzymes. 
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FIGURE 2. Southern blot analysis of Pvu II digested 
genomic DNA from Duroc boars after hybridization 
with the porcine genomic class I probe PDl-A in 
the pB322 vector 
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FIGURE 3. Southern blot analysis of Pvu II digested 
genomic DNA from Hampshire boars after 
hybridization with the porcine genomic Class I 
probe PDl-A in the pB322 vector 
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Table 3. Basic structure of Duroc breed DNA RFLP patterns 
Restriction 
enzymes Pvu II BamH I EcoR I 
Restriction site 
sequences 
CAGCTG 
GTCPAC 
GIGATCC 
CCTAGIG 
GLAATTC 
CCTAAIG 
Average number 
of restriction 
fragments 
11 
(7-14) 
10 
(6-14) 
8 
(5-13) 
Average length 
of restriction 
fragments 
5.0 kb 
(1.3-12.5) 
5.8 kb 
(1.3-17.8) 
9.Ô kb 
(2.6-28.0) 
Average total 55.8 kb 57.5 kb 79.8 kb 
length of fragments 
per individual (38.1-72.4) (34.8-84.9) (46.6-133.5) 
pig 
The average total size of fragments per individual pig from 
Pvu II and BamH I was 55.8 and 57.5 kb, respectively, whereas 
that of EcoR I was 79.8 kb. 
In the Hampshire breed, the average number of fragments 
counted from the RFLP analysis (Figure 3) ranged from 7 to 12 
depending on the different endonucleases (Table 4). The 
average size of restriction fragments for Pvu II, BamH I, and 
EcoR I were 5.1, 6.6, and 12.9 kb, respectively. The average 
total size of fragments per individual pig from Pvu II, BamH 
I and EcoR I were 60.4, 53.4 and 84.1 kb, respectively. 
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Table 4. Basic structure of Hampshire breed DNA RFLP 
patterns 
Restriction 
enzymes Pvu II BamH I EcoR I 
Average number 12 8 7 
of restriction 
fragments (8-15) (5-10) (4-9) 
Average length 5.1 kb 6.6 kb 12.9 kb 
of restriction 
fragments (1.1-14.5) (3.0-13.9) (4.7-22.5) 
Average total 60.4 kb 53.4 kb 84.1 kb 
length of fragments 
per individual (43.3-83.6) (29.9-69.5) (51.8-110.4) 
pig 
It is assumed that there exists an extensive homology of 
sequences to the SLA class I genes corresponding to the 
number of the fragments because the length of the probe PDl-A 
was only 4.3 kb. Orr (1983) also found that there was an 
extensive amount of DNA in the human genome which was 
homologous to the human MHC class I cDNA probe. He concluded 
that the amounts of class-I-like DNA exceeds the amount which 
account for the HLA-A, B, and C loci. 
Singer et al. (1982) reported that 10-15 restriction 
fragments ranging from about 2 kb to 20 kb in size were 
observed in pig DNA digested with either BamH I or EcoR I and 
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hybridized by human class I cDNA probe. Chardon et al. 
(1985b) also found that about 12-16 restriction fragments 
after EcoR I enzymatic digestion for SLA class I genes. The 
results of this study which showed 5-15 restriction fragments 
which ranged from 1.1 kb to 28.0 kb according to the 
different breeds and enzymes, confirms the previous studies. 
It has been reported that the class I gene family in 
miniature swine consists of only 7 genes (Ehrlich and Singer, 
1986) implying a ratio of largely one gene to one restriction 
fragment. If this is correct, the pigs studied consisted of 
homozygous to completely heterozygous genotypes. There was 
only one pig that had 7 restriction fragments in the RFLP 
analysis. The near absence of SLA homozygous individuals was 
analogous to the findings in wild mice where the population 
was virtually 100 % heterozygous (Duncan et al., 1979). 
The genetic variation of the MHC gene families has been 
maintained by the coincidental evolution process. (Hood et 
al., 1984, Nei et al., 1984). The coincidental evolution 
process in a multigene family refers to coincidental changes 
of DNA sequences in the respective evolutionary lines, which 
cause the extensive polymorphism in MHC genes. Several 
genetic mechanisms may have lead to the evolution process 
previously suggested. Repeated unequal crossing over within 
a gene family can cause differentiation from other gene 
families. At the same time, exchanging block sequences of 
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monoallelic genes, which is commonly referred to as gene 
conversion, also contributes to the MHC polymorphism (Hood et 
al., 1984, Steinmetz, 1986). Excessive homologous 
recombination at recombinational hot spots along the MHC also 
results in MHC polymorphism (Steinmetz, 1986). Kimura (1983) 
regarded DNA polymorphisms as a transient phase of molecular 
evolution that resulted in the majority of evolutionary 
changes being caused by the neutral activity of mutation and 
random drift at the molecular level. The combined function 
of these mechanisms may have produced the excessive 
polymorphism at the MHC class I loci. Its functional 
importance is presently unknown, however, one possible 
explanation is that the polymorphic allogenic phenomena 
mirrors closely the physiological T-lymphocyte reaction 
(Klein, 1982). The allogenic class I molecules, like the 
synogenic ones, are predominantly recognized by T-lymphocytes 
that have the ability to develop into cytotoxic cells and to 
kill target cells. 
Jaccard Coefficients of DNA RFLP Patterns and Cluster Analysis 
Jaccard coefficients within and between breeds 
All the restriction fragments digested by the Pvu II 
restriction enzyme were measured in terms of molecular size 
and then converted to matrix forms for each breed (Tables 5, 
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TABLE 5. A matrix format of DNA RFLP patterns restricted by endonucleas 
presence of a restriction fragment is indicated by a 1 otherwj 
identification number 
Pig numbers 
D D D D D D O D D D D D D D D D O D D D D D D D O D D D D O D O O O  
F r a g .  F r a g m e n t  D D D D D D D D 1  1 1 1  1  1  1 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 5 5  
N o .  S i z e  1 2 3 4 5 7 8 9 0 1 2 3 4 5 7 0 1 2 3 4 5 7 8 0 1 2 3 4 5 3 7 9 1 2 4 5 6 7 8 9 0 1  
PI 11.8-13.0 00100010001001000101 10001 1 10001000010101 10 
P 2  1 0 . 6 - 1 1 . 7  0 1 0 1 0 0 1 0 1 0 1  1 0 0 0 1  1 0 1  1 0 1  1 0 0 0 0 1 0 1 0 1  1  1  1 0 0 0 1 0 0 0  
P 3  9 . 4 9 - 1 0 . 5  1 0 0 0 1 1 0 1 0 1 0 0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 1  
P 4  8 . 5 4 - 9 . 4 8  1  1 0 1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1 0 0 1 0 1 0 1 0 0 0 0 1 0 1 0 1 0 0 1  1 0 1  
P 5  7 . 6 8 - 8 . 5 3  1 0 0 0 1 0 0 1  1 0 0 1  1 0 1 0 0 0 1 0 0 1 0 1 0 0 0 1  1 0 1 0 1 0 0 1  1 0 0 0 0 0  
P B  6 . 9 2 - 7 . 6 7  0 0 1 1 1 0 1 1 1 1 1 1 1 1 0 0 1 1 0 1 1 0 1 0 0 1 0 0 0 1 1 0 1 0 1 0 0 1 1 0 1 0  
P 7  6 . 2 3 - 6 . 9 1  1  1  1 0 0 1  1 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 1  1 0 1  1  1 0 0 1 0 0 0 0 1 0 0 0 0 1 0  
P 8  5 . 9 2 - 6 . 2 2  0 0 1 0 0 0 0 0 0 0 1 0 0 1 1 1 0 0 0 1 0 0 1 0 1 0 0 1 0 1 0 1  1 0 1 0 0 0 1 0 0 1  
P 9  5 . 6 2 - 5 . 9 1  1 1 0 1 1 0 1 1 1 1 0 0 1 0 0 0 0 1 1 0 1 1 0 0 0 1 1 0 1 0 1 0 1 1 0 1 1 1 0 1 1 0  
P 1 0  5 . 3 4 - 5 . 6 1  0 0 1 0 0 1 1 0 0 0 0 1 0 1 1 0 1  1 0 0 0 0 1 1 0 1 0 0 0 1 0 0 0 0 1 1 0 1 0 1 0 1  
P 1 1  5 . 0 7 - 5 . 3 3  1 1 0 1 1 1 0 1 1 1 1 0 1 0 0 1 0 1 0 1 0 1 0 1 1 0 1 1 0 0 1 1 1 1 1 0 1 0 1 0 1 0  
P 1 2  4 . 8 2 - 5 . 0 6  0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 1 0 1 0 1 0 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0  
P 1 3  4 . 5 8 - 4 . 8 1  1 0 0 0 0 0 1  1 0 0 0 1 0 1 1 0 1  1 0 0 1 0 1  1 0 0 1  1 0 1 0 0 0 1 0 0 0 0 0 0 1 0  
P 1 4  4 . 3 5 - 4 . 5 7  0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1  
P 1 5  4 . 1 3 - 4 . 3 4  0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
P 1 G  3 . 9 3 - 4 .  1 2  1 0 1 0 1 0 0 1  1  1 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 1  1 0  
P 1 7  3 . 7 3 - 3 . 9 2  1  1  1 0 1 0 0 1  1  1 0 1 0 1 0 0 0 0 0 0 1 0 1 0 1  1  1 0 0 0 0 0 0 0 1  1  1  1 0 1  1  1  
P 1 8  3 . 5 5 - 3 . 7 2  0 0 0 1 0 0 1 0 0 0 1 0 1 0 1 0 1  1  1 1 0 1 0 1 0 0 0 1  1  1 0 1  1  1  1 0 1 0 1 0 0 0  
P 1 9  3 . 3 7 - 3 . 5 4  0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 1 0 0 1  
P 2 0  3 . 2 0 - 3 . 3 6  1  1 0 1  1 0 1  1  1  1  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1  1 0 0 0 0 0 0 0 1 0 1 0 0 0 0 1  
P 2 1  3 . 0 4 - 3 . 1 9  0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 1 1  1 0 1 0 0 0 1 0 0 1 0 1 0 1 0 1  1  0  
P 2 2  2 . 8 9 - 3 . 0 3  0 0 0 0 0 0 0 0 0 0 0 1 0 1  1 0 1 0 1 0 1  1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 1  
P 2 3  2 . 7 5 - 2 . 8 8  1  1 0 0 1  1 0 1  1  1  O O O O O O O O O O O O O O O O O O O O O O O O O O  1  1 0 1 0 1 (  
P 2 4  2 . 6 1 - 2 . 7 4  0 1 0 0 0 0 0 0 0 0 1 0 1 0 0 1 0 1 0 0 1 1 0 1 0 0 0 1 0 1 0 1 0 0 0 0 0 0 1 0 0 1 1  
P25 2.48-2.60 101 1 101 1 1 1001010101 10001 1 10000000001 1 101 1 1 
P 2 6  2 . 3 6 - 2 . 4 7  0 0 1 0 1 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 1 1 0 0 0 1 0 0 1  1 0 0 1  1  1 0  0  0  0  1 0  1  
P 2 7  2 . 2 4 - 2 . 3 5  0 1 0 0 1 0 0 0 1  1 0  1  1 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1  1  0  0  0  1  O  1  0  0  (  
P 2 8  2 . 1 3 - 2 . 2 3  0 0 0 0 0 1 0 0 0 0 1 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 0 1 0 0 0 "  
P 2 9  2 . 0 2 - 2 .  1 2  1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 C  
P 3 0  1 . 9 2 - 2 . 0 1  0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0 1 0 0 0 1  1 0 0 0 1 0 0 1  1 0 0 1 0 1 0 C  
P 3 1  1 . 8 3 - 1 . 9 1  0 0 0 1 0 0 1 0 0 0 0 1 0 1 0 1  1 0 0 1  1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 C  
P 3 2  1 . 7 3 - 1 . 8 2  0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1  1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 C  
P 3 3  1 . 6 5 - 1 . 7 2  O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O C  
P 3 4  1 . 5 7 - 1 . 6 4  0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0  
P 3 5  1 . 4 9 - 1 . 5 6  O O O O O O O O O O O O O O O O O O O O O O O O  1  0 0 0 0 0 0 0 0 0  1  O O O O O O O O  
P 3 6  1 . 4 1 - 1 . 4 8  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
P 3 7  1 . 3 4 - 1 . 4 0  0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0  O O O O O O O O  
P 3 8  1 . 2 8 - 1 . 3 3  0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0  1  O O O O O O O O O O O O O  
P 3 9  1 . 2 0 - 1 . 2 7  O O O O O O O O O O O O O O O O O O O O O O O O I O O O O O O O O O O O O O O O O O O  

•estricted by endonuclease Pvu II of the Duroc breed. The 
indicated by a 1 otherwise by a 0 in the column under pig 
Pig numbers 
D D D D D D D D D D D O D D D D D O D D D D D O  
3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 5 5 5 5 5 5 5 6 6  
2 3 4 5 3 7 9  1 2 4 5 6 7 8 9 0 1 3 4 5 6 8 0 1  
1 1 0 0 0 1 0 0 0 0 1 0 1 0 1 1 0 0 1 0 0 0 0 1  
0 0 1 0 1 0 1  1  1  1 0 0 0 1 0 0 0 0 1 0 0 0 1 0  
0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 1  1 0 1  1  1 0 0  
0 1 0 0 0 0 1 0 1 0 1 0 0 1 1 0 1 0 1 0 0 1 0 0  
0 0 1  1 0 1 0  1 0 0 1  1 0 0 0 0 0 1 0 0 0 0 0 0  
1 0 0 0 1  1 0 1 0 1 0 0 1  1 0 1 0 0 1  1  1  1 0 1  
1  1  1 0 0 1 0 0 0 0 1 0 0 0 0 1 0 0 1 0 1  1  1  1  
0 0 1 0 1 0 1  1 0 1 0 0 0 1 0 0 1 0 1  1 0 0 0 1  
1 1 0 1 0 1 0 1  1 0 1  1  1 0 1 1 0 1 0 0 0 1 0 0  
1 0 0 0 1 0 0 0 0 1 1 0 1 0 1 0 1 0 0 1 0 0 1  1  
0 1 1 0 0 1 1 1 1 1 0 1 0 1 0 1 0 1 1 0 1 1 0 0  
1 0 0  1  0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0  1  0  
0 1  1 0 1 0 0 0 1 0 0 0 0 0 0 1 0 0 0 1  1 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1  1 0 0 0 0  1  0  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1  0 0 0  
0 0 0 0 0 0 0 0 1 0 1 0 1 0 1  1 0 0 0 1 0 1  1 0  
1 1 0 0 0 0 0 0 0 1 1 1 1 0 1 1 1 1 0 1 0 1 0 0  
0 0 1  1  1 0 1  1  1 1 0 1 0 1 0 0 0 1 1 0 0 0 0 1  
0 0 1 0 1 0 1 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 1  
1 1 0 0 0 0 0 0 0 1 0 1 0 0 0 0 1 0 0 1 0 1  1 0  
0 1 0 0 0 1 0 0 1 0 1 0 1 0 1  1 0 0 0 1 0 0 1 0  
0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 1  1 0 0 1 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 1  1 0 1 0 1 0 0 0 0  1  0 0  
0 0 1 0 1 0 1 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 1  1  
1 0 0 0 0 0 0 0 0 0 1  1  1 0 1 1 1 1  1  1  1  1 0 0  
0 1 0 0 1  1 0 0 1  1  1 0 0 0 0 1 0 0 0 0 1  0 0 0  
0 0 0 0 0 0 0 1  1 0 0 0 1 0 1 0 0 0 0 0 1 0 1 0  
0 0 1  1 0 0 1 0 0 0 0 0 0 1 0 0 0 1  1 0 1 0 0 1  
1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0  
0 1  1 0 0 0 1 0 0 1 1 0 0 1 0 1 0 0 0 0 1 0 1  1  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1  1 0 0 0 0  
1 0  0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
o o o o o o o o o o o o o o o o o o o o o o o o  
0 0  1 0 0 0 0 0 0 0 0 0 0  1 0 0 0 0 0 0 0 0 0  1  
0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
o o o o o o o o o o o o o o o o o o o o o o o o  
0 0  1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1  
0 0 0 0  1  0 0 0 0 0 0 0 0 0 0 0 0 0 1  0 0 0 0 0  
o o o o o o o o o o o o o o o o o o o o o o o o  
•  D D D D D D D D D D D D D D D D D D D D  
666666677777778888888 Freq. 
2 3 4 6 7 8 9 1 2 4 B 7 8 9 0 2 3 4 5 B 7  i%) 
1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0  3 0 . 0  
000101101011111011111 50.0 
0101 10010000000000000 27.1 
00101 1001 1010001 1 1010 38.6 
0101000100101 10000101 35.7 
101000101 10011 1 100001 55.7 
00010000100000001 1 1 10 38.6 
1  0 0 0  1  1  0 0 0 0  1  0 0 0 0 0 0 0 0 0 0 3 1 . 4  
101 1000001 1 1 101 100000 50.0 
001010000100000100000 34.3 
0 0 0 0 0 1  1  1  1 0 1  1  1  1  1 0 1  1  1  1  1 6 2 . 9  
1 10100100000010010001 24.3 
0 0 0  1 0 0 1 0 0 0 1  1  1  1  1 0 1 0 1  1  1 4 1 . 4  
0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0  8 . 6  
0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0  7 . 1  
101100000100111111001 38.6 
1010100001 10101 100000 45.7 
0 0 0 0 0  1  0 0  1 0  1  0 0 0 0 0 0  1 0 0 0  3 f i . 6  
0 0 0 0 0 1  1 0 0 0 0 1 0 0 0 0 1 0 1 0 1  2 2 . 9  
010110110011011010111 41.4 
1 1 1 10001 1 1 10100101000 37.1 
1 000000000 0 0 000000000 IS.6 
0010100001 10001 101000 27.1 
0 1 0 1  1  1  1  1 0 0 0 1  1  1 0 0 1 0 1  1  1 4 0 . 0  
101000001 1 10101 101000 51.4 
0 0 1 0 0 0 1  1  1  1 0 0 0 1 0 1  1  1 0 1  1 3 7 . 1  
01 1 1001 1010101 1 1 101 10 38.5 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1  0  1  0 0 2 1 . 4  
OOOOOOOOOOOOOOOOOOOOO 12.9 
100101 10101 111 1010001 38.6 
OOOOO 1000000000000000 17. 1 
OOOOOOOOOOOOOOOOOOOOO 5.7 
OOOOOOOOOOOOOOOOOOOOO 0.0 
O O O O O O O O O O O O O O O O O O O O O  7 . 1  
OOOOOOOOOOOOOOOOOOOOO 2.9 
OOOOOOOOOOOOOOOOOOOOO 1.4 
O O O O O O O O O O O O O O O O O O O O O  7 . 1  
O O O O O O O O O O O O O O O O O O O O O  7 . 1  
OOOOOOOOOOOOOOOOOOOOO 1.4 
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TABLE 6. A matrix format of DNA RFLP patterns restricted by 
endonuclease Pvu II of the Hampshire breed. The 
presence of a restriction fragment is indicated by 
a 1 otherwise by a 0 column under the pig 
identification number 
Pig nuMÉMPS 
H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H  
Frag. Fragment 1 1 1 1 1 t 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i 1 1 1 i 1 i i i i i prea 
N o .  s i z e  0 0 0 0 0 0 0 0 0  1  t  1  1  1  1  1  1 2 2 2 2 2 2 3 3 3 3 3 3 3 3 4 4 4 4 4 5 5  ( % )  
1 2 3 4 S 6 7 a 9 0 1 2 3 4 S 7 9 l 3 6 7 S 9 0 1 2 3 4 S e 7 0  1 3 4 5 0 1  
P I  1 2 . 9 - 1 4 . 3  « 1 0 1 1 0 0 1 1 1 1 0 0 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 0 1 1 0 0 1  7 3 . 7  
P3 11.6-12,a 000000000000010000000000000000001001 to to.s 
P3 10.4-11.s 000000000000000000000 1 100 1000000000000 7.9 
P4 9.35-10.3 00000000000000000000000000000000000000 0.0 
P5 8.42-9.34 1 1 1 1 1  1 1 1 1 1 1 t  1  1 100000000000000 100000001 44.7 
P8 7.S8-S.41 0001 1 101 1 1 1 I  1 1 10000000000000001 1 t  1 1 1 10 47.4 
P7 7,20-7.57 1 100001000000001 1 1 1 1 1 1 1 1 101 1 1 000000000 42.1 
PB 6.84-7, IS 00100001 101 1 1 1 100000000000000100001 100 38.9 
pa 6.49-6.83 0101 1 1 1001000000000000000000001 I  1 1001 1 31.0 
P10 6.17-6.48 1 0 0 0 0 0 0 0 0 0 0 0 1 01 1 1 1 1 10 1 01 1 1 1 1 1 10 0 0 0 0 0 0 0 42.1 
P11 5.86-6.16 11111111111101000010101000000011111111 83.2 
P12 5.57-5.85 0000000001 1 1 1 1 1 1 1 10 101 1 1 1 1 1 1 1000001000 50.0 
P13 5.28-5.56 110111111000 0 0011111110010101111010111 85,8 
P14 5.02-9.37 0000000000000000000000110101 1000100000 15.8 
P I S  4 . 7 7 - 5 . 0 1  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1  1  1  1  1  1  1 0 1  1 0 1 0 0 1  1 0 0 0 1  1  1  1 4 2 . 1  
Pia 4 .93 -4 .76 0 0 1 01 1 10 0 0 0 0 1 1 10 0 0 0 0 0 0 1 00 1 00 1 0  0 0 0 0 0 0 0 0 28,3 
P17 4 .31 -4 .82 0 1 0 1 000000000 1 100000000000000000000000 10.S 
P18 4 .09 -4 .30 11111111111010011111100011000000000000 52.6 
PIS 3.88-4.08 100000000000000010101 1 1 1 10100000000101 28.9 
P30 3.69-3.87 00000000000000010001001001 1 1 1001 1 1 1010 31.8 
P31 3.51-3.08 00000000000000000000000000000000000000 0.0 
P23 3.23-3.50 01 1 1 1 1 1 1 1 1 1 1 1  1 100000000000000000000000 36.8 
P23 3.07-3.22 100000000000000111111111111001.1 1111111 57.9 
P24 2.91-3.06 000000001 1 1001 10000000000001 1000000000 18.4 
P25 2.77-2.80 01 11 1001000001000000000000000000000000 15.8 
P28 2.63-2.78 10001001 1 1001001 1 1 1 10 1 1 1 10000001 1 10000 47.4 
P 2 7  2 . 5 0 - 2 . 0 2  0 1  1  1  1  1  1 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 1 0 1  1  1  1 0 0 0 0 0 0 0 0 1  3 9  S  
P28 2.37-2.48 1010000000000001 1010001001 100000000000 21.1 
P29 2.25-2.38 1000000000000001 1 1 10101001001000000000 23.7 
P30 2.14-2.24 000000000000000000000000001 10000000000 5.3 
P31 2.03-2 13 00001 1 1 1  1  1  1 1  1  1  100000000000000000000000 38.9 
P 3 2  1 , 9 3 - 2 . 0 2  0 1 0 1 0 0 0 0 0 0  0  0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1  1  I  1  1  1  1  1 2 6 , 3  
P33 1.83-1.92 100001 1 1000010001 1 1 1 1 10100000100000000 34.2 
P34 1.74-1.82 01 1 1 10000000000 1000000 10 1 1 1 1  1000000000 28.9 
P39 1.66-1.73 10000000000000000000000000000000000000 2.8 
P38 1.57-1.65 000000000000000000000 1 1 1 1 1000000000000 13,2 
P37 1,49-1.56 000000000000 1 0000000000000000000000000 2.8 
P38 1.42-1.48 00000000000000000000000000000000000000 0.0 
P3S 1.35 -1 .41 0001 1 1 1 1  1  I  1001 100000000000000000000000 2G. 3 
P40 1.38-1.34 1 1000000000000000000000000000000000000 5.3 
P 4 1  1 . 3 3 - 1 . 2 7  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 . 0  
P 4 2  1 . 1 5 - 1 . 2 1  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  2 . 6  
P 4 3  1 . 1 0 - 1 . 1 4  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1  1  1  1  1 0 1  1  1  I  1  1 0 0 0 0 0 0 0 0 0 0  2 8 . 9  
P 4 4  1 . 0 4 - 1 . 0 9  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1  0 0 0 0 0 0 0 0 0 0 0 0  1  0 0 0 0 0 0 0 0 0  S 3  
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TABLE 7. A matrix format of DNA RFLP patterns restricted by endonuclease P 
a restriction fragment is indicated by a 1 otherwise by 0 in the 
Pig numbers  
Frag.  Fragment  •D O O O O D D D D D D D D D D O D D D D D D D D D D dD D D O O O D D D D D D O O  
No.  s ize  DDDDDDDD1 1 11  1 1  122222222333333333444444445555555666  
1 2 3 4 5 7 8 9 0 1 2 3 4 5 7 0 1 2 3 4 5 7 8 0 1 2 3 4 5 3 7 9 1 2 4 5 6 7 8 9 0 1 3 4 5 6 8 0 1 2  
P I  12 .9 -14 .3  OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
P 2  1 1 . 6 - 1 2 . 8  0 1 1 1 0 0 1 0 0 0 1 0 0 1 0 0 0 1 0 1 1 0 0 0 1 1 1 1 0 0 1 0 0 0 0 1 0 1 1 1 1 0 0 1 0 0 0 0 1 1  
P 3  1 0 . 4 - 1 1 . 5  0 0 0 1  1  1  1 0 1  1 0  1 0 0 1  I  1 0 1  1 0 1  1 0 0 0 0 0 1  1 0 1  1  1  l O O O C O O O O O O O O  1 0 0  
P 4  9 . 3 5 - 1 0 . 3  l O O O O O O I O O O O I O O O O O O O O O O I O O O O O O O O O O O o i O O O O l  1 0 1  1  1 0 0 0  
P 5  a . 4 2 - 9 . 3 4  1 1 0 1 0 0 0 0 0 0 1 1 0 0 0 1 0 0 1 1 0 1 1 0 1 0 1 0 0 0 1 1 0 1 0 1 0 0 1  1 0 1 0 1 0 0 1 0 0 0  
P 6  7 . 5 8 - 8 . 4 1  1 0 0 0 1 0 0 1  1 0 0 0  1 0 1  0 0 0 0 0 0 0  1  1 0 0 0 1  1  0 0 0  1  0  0  1  1 0 0 0 0 0  1  0 0 0 0 0 0 1  
P 7  7 . 2 0 - 7 . 5 7  0 0 1 1 0 0 1 0 1 0 1 1 0 1 0 0 1 1 0 1 1 0 0 0 0 1 0 0 0 1 1 0 0 0 1 0 0 1 1 0 1 0 0 1 1 1 1 0 1 0  
P B  6 . 8 4 - 7 . 1 9  0 0 0 0 1  1 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0  
P 9  6 . 4 9 - 6 . 8 3  1 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 0 1  1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1  1 1 0 '  
P 1 0  6 .  1 7 - 6 . 4 8  0 1  1 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1 1 0 0 0 0 1  0  0 1  1  1 0 0 0 0 1  
P11 5.86-6.16 01 100000001001 1 1010101 10101 101 11 10 0 10 1 1 1010100001 1 I 
P 1 2  5 . 5 7 - 5 . 8 5  1 0 0 1 1 1 1 1 1 1 0 1 1 1 1 0 1 0 1 0 1 0 1 0 0 1 0 0 1 0 0 0 1  1 0 o i 0 0 0 1 0 1 0 1 0 1 0 0 1 (  
P 1 3  5 . 2 8 - 5 . 5 6  1  1  1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1  1 0 0 1 0 0 0 0 1 1 0 1 0 1 0 1 0 0 1 0 1  1  1 0 1  
P 1 4  5 . 0 2 - 5 . 2 7  0 0 0 1 1 1 0 1 1 1 1 0 1 0 0 1 0 1 0 1 0 1 0 1 1 0 0 1 0 0 1 1 1 1 1 0 1 0 1 0 1 0 1  1 0 1 0 0 0 0 (  
P 1 5  4 . 7 7 - 5 . 0 1  1 0 0 0 0 0 0 1 0 0 0 1 0 1 1 0 1  1 1 0 1 0 1 1 0 1 0 0 1  i o o o o o 0 o o o o i o i o o i o i o i  
P 1 6  4 . 5 3 - 4 . 7 6  0 0 0 0 0 0 1 0 0 0 0  1 0 1 0 0 1 0 0 0 1 0 0 1 0 0 1 1 0 0 0 0 0 1 0 o 0 0  0 0 0 0 0 0 1 0 0 0 0 0 (  
P 1 7  4 . 3 1 - 4 . 5 2  0 0 0 0 0  1  O O O O O O O O O O O O O O O O O O O O O O O O O O O O O Q O O O O O  1  1  0 0 0 0  1 0 0  
P 1 B  4 . 0 9 - 4 . 3 0  0  0  1  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  l O O O O O O O O O O O o O O O O O O O O O  1  0  0  0  0  1  
P 1 9  3 . 3 8 - 4 . 0 8  1  1  1 0 1 0 0 1 1  1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1  1 1 0 1  1 0 0 0 1 0 1  1  0  1  (  
P 2 0  3 . 6 9 - 3 . 8 7  i o i o i o i i i i o i i i o o o i o i i i i o i i i i i i o i i i i 1 1 1 1 1 1 1 1 o i o i o o i c  
P 2 1  3 . 5 1 - 3 . 6 8  0 0 0  1 0 0 0 0 0 0  1  0  0  0  1  0  1 0  1 0 0 0 0  1 0 0 0 0 0 0 0 0 0 0  1  0 0 0 0 0 0 0  1  1  0 0 0 0 1  0  (  
P 2 2  3 . 2 3 - 3 . 5 0  I  1 0  1 0  1  1 0 0 0 0 0 0 0 0  1 0 0 0  1 0 0 0 0 0  1  1  i o i o i o o i 0 i o i o o i o i  1 0 1  1  1 0 "  
P 2 3  3 . 0 7 - 3 . 2 2  0 0 1 0 1 0 0 1 1 1 0 0 1 0 0 0 0 1 0 0 0 0 1 1 1 0 1 0 Q 0 1 0 0 Q 0 1 0 1 0 1 1 1 0 0 1 0 0 1 0 1 1  
P 2 4  2 . 9 1 - 3 .  O B  0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 1 0 1  1 0 0 0 0 0 0 1 0 0 0 1  1  0  0  0  0  0  0  O  1  1 0 0 1 0 0 0 1 c  
P 2 5  2 . 7 7 - 2 . 9 0  o i o o i i o i o i o o o o 1 0 1 0 o o o o o o o o o o o o o o o o o 0 o i o i o i o o o o i o o o c  
P 2 6  2 . 5 3 - 2 . 7 6  1  i o o o o o o i o i o i o o i o i o o o o o i o o o i o i o i o o o 0 i o i o o o o o o o o i  I O C  
P 2 7  2 . 5 0 - 2 . 6 2  1 0 1  1  I O I I O I O O I O 1 O I O I I I I O O I  i o o o o o o o o o 0 i i o  1  1  I  1  1  1  1  1 0 0 1  1  
P 2 B  2 . 3 7 - 2 . 4 9  0 0 1 0 1 0 0 0 1  I O O I O O O O O O O O O I  1 0 0 1 0 0 1  1 0 0 1  1  1 0 0 0 0 1  1  1 0 1 0 0 0 0 0 C  
P 2 9  2 . 2 5 - 2 . 3 6  0 1 0 0 1 0 0 0 1  1 0 1  1 0 1  0 0 0 1 0 0  1  0 0 0 0 0 0 0 0 0 0  1  l O o O I O  1 0 0 0 0 0 1 0 1 0 0 1  
P 3 0  2 , 1 4 - 2 . 2 4  0 0 0 0 0 1 0 0 0 0 1 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 1  i o o i o o o 0 o o i o o o i o o i o o i o c  
P 3 1  2 . 0 3 - 2 .  1 3  o o o i o o i o o o o o o o o o i o o o i o o o o o o o o o i o i o o 0 o o o o o o o  1 0 0 0 0 0 0 0  
P 3 2  1 . 9 3 - 2 . 0 2  i o o o o o o o o o o o o i o o o i o i o o i o o i i i o o o i o o o 1 o o i o i o o o i i o i i i o  
P 3 3  1 . 8 3 - 1 . 9 2  0 0 0 1 0 0 1 0 0 0 0 1 0 1 0 1  1 0 0 1  1 0 0 0 0 0 0 0 0 0 0 0 0 0  1  O O O O O O  1  0  1  1 0 0 0 0 0 0  
P 3 4  1  . 7 4 - 1 . 8 2  0 0 0 0 0  1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1  1 0 0 0 0 0 0 0  i  O q o O O O O O O O O O O O O O O  
P 3 5  1  .  6 6 -  1 . 7 3  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Q O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O  
P 3 G  1 . 5 7 - 1 . 6 5  0 0 0 0 0 0 0 0 0 0  1  O O O o O O  1  0 0 0 0 0 0 0 0 0  1  O O O O O O O q o O  1  O O O O O O O O O  I  0 0  
P 3 7  1 . 4 9 - 1 . 5 6  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0  1  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
P 3 8  1 , 4 2 - 1 . 4 8  o o o o o o o o o o o o o o o o o o o i o o o o o o o o o o o o o o o 0 o o o o o o o o o o o o o o o  
P 3 9  1  . 3 5 - 1  . 4 1  0 0 0 0 0 0 0 0 0 0 0  1  0  0  0  0  0  1  O O O O O O  1  0 0  1  0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0  I  0 0  
P 4 0  1  . 2 8 - 1  . 3 4  O O O O O O  1 0 0 0  1  0 0 0 0  1  0 0 0 0 0 0 0 0 0 0 0 0 0  1  O O O O O Q O O O O O O O  1  0 0 0 0 0 0 0  
P 4 1  1 . 2 2 - 1 . 2 7  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 0 0 0 0 0  1  0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
P 4 2  1 . 1 5 - 1 . 2 1  O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O  
P 4 3  1 . 1 0 - 1 . 1 4  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
P 4 4  1 . 0 4 - 1 . 0 3  O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O  

vu II of the Duroc and Hampshire breeds combined. The presence of 
column under the pig identification number 
H H H H H H H H H  
D D D D D D D D D O D D O D O D D D O D 1 1 1 1 1 1 1 1 1  
6 6 6 6 6 6 7 7 7 7 7 7 7 8 8 8 8 8 8 8 0 0 0 0 0 0 0 0 0  
3 4 6 7 8 9 1 2 4 6 7 8 9 0 2 3 4 5 6 7 1 2 3 4 5 6 7 8 9  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1  1 0 0 1  1  
0 1 0 0 0 0 0 0  1  0 0 0 0 0  1 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
3  0  1  0  1  1  1 1 0 1  1  1  1  1 0 1 1  1  1 1 0 0 0 0 0 0 0 0 0  
1 0  1  1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
D 1 0 1 1 0 0 1 1 0 1 1 1 0 1 1 1 0 1 0 1 1 1 1 1 1 1 1 1  
1 0 1 0 0 0 1 0 0  1 0 0 0 0 1 0 0 1 0 1 0 0 0 1  1  1 0 1  1  
3 1 0 0 0 0 0 1  1  0 0  1 0  1  0 0 0 0 0  0 1  1 0 0 0 0  1  0 0  
3 0 0 0 0 1 0 0 0 0 0 0  1  0 0 1 0  1  1  1 0 0 1  0 0 0 0  1  1  
3 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0  1  1  1  1 0 0  
) 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0  
) 1 0 1  1 0 0 0 1  0 0 0 0 0  1 0 0 0 0 0 1  1  1  1 1 1 1 1 1  
> 0 1 0 0 0 0 0 0 1  1  1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
> 1 0 1 0 1 0 0 1 0 1 0 1 1 1 1 0 1 0 1 1 1 0 1 1 1 1 1 1  
> 0 1 0 1 0 1  1 0  1 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0  
I 0 0 0 0 1 0 0 0 0 0 0 1  1 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0  
> 0 1 0 0 1 0 0 0 1  1  1  1 0 0 1 0 1 1 1 0 0 1 0 1 1 1 0 0  
0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0  1 0 0 0 0 0  
1 0 0 0 0  1 0 0 0 0  1  O  1  0 0 0 0 0 0 0  1  1  1  1  1  1  1  1  1  
I I  1  1  0  0  0  0  1  0  O  1  1  1  1  1  1 0 0 1  1 0 0 0 0 0 0 0 0  
I 1 0 0 1 0 0 0 1  1 0 1 0 1  1 0 1 0 0 0 0 0 0 0 0 0 0 0 0  
I  0  0  0  0  0  0  1  0  t o o o o o o o o o o o o o o o o o o o  
0 1 1 1 1 1 0 0 1  1 0 1 0 0 1 0 1 1 1 0 1 1  1 1 1 1 1 1  
1  1 0 0 0 1  1  1  1 0 1  0  1  1 0 1 0 1  1  1 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 1  
1 0 1 0 0 0 0 1  1 0 0 0 0 0 0 1 0 0 0 0 1 1  1 1 0 0 1 0  
0 1 0 1  1 1 0 0 0 1  1  1  1  1 1 0 1  1 1 1 0 0 0 1 0 0 1 1  
1 0 1 0 0 0 0 1 0 0 1 0 1 1 0 1 0 0 0 0 1 1  1 1 1 1 0 0  
1 0 0 0 1 1 1 1  1 0 0  1 0 1  1  1 0 1  1  1 0 1  0 0 0 0 0 0  
1  1 0 0 1 1 0 1 0 1 0 1  1  1 1 0 1 1 0 1 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1  1  1  1  1  
0 1 0 1  1 0 1 0  1  1  1  1  1 0 1 0 0 0 1 0 1 0  1 0 0 0 0 0  
0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1  1  1 0  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1  1  1  1 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1 0 0  0 0 0 0 0 0  
o o o o o o o o o o o o o o o o o o o o o o o o o o o o  
O O O O O O O O O O O O O O O O O O O O O O  0 0 0 0 0 0  
O O O O O O O O O O O O O O O O O O O O O O  0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1  1  1  1  1  1  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1  1 0  0 0 0 0 0 0  
O O O O O O O O O O O O O O O O O O O O O O  0 0 0 0 0 0  
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6, 7). The DNA RFLP pattern of each pig was compared to all 
other pigs, then the Jaccard coefficient was calculated. The 
average Jaccard coefficients of Durocs and Hampshires were 
0.239 and 0.266, respectively. The average Jaccard 
coefficient between two breeds was 0.192 (Table 8). 
The Jaccard coefficients indicated that the RFLP patterns of 
DNA digested by Pvu II in the Hampshire breed were more 
homogeneous than those of the Duroc breed. It was also 
observed that the RFLP patterns between the two breeds 
were more heterogeneous than those of within breeds. 
Table 8. Jaccard coefficients of DNA RFLP patterns 
restricted by Pvu II within and between 
breeds 
Breeds Durocs Hampshires 
Number of 
pigs 70 38 
within 
breeds 0.239 0. 266 
Between 
breeds 0.192 
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Cluster analysis according to the Jaccard coefficients 
The SLA class I genotypes of 70 Durocs and 38 Hampshires 
were determined in terms of restriction fragments. Extensive 
family RFLP analyses are necessary to determine haplotypes 
from these generally heterozygous boars. Since the family 
information was not available, individual pigs were clustered 
according to Jaccard coefficients under the assumption that 
similar RFLP patterns result from similar SLA genotypes. 
The graphs were made by cluster analysis of RFLP 
patterns digested by Pvu II for Durocs and Hampshires. The 
horizontal lines connecting two pigs or groups of pigs 
represent the Jaccard coefficient and the higher the 
coefficients, the closer the similarity that exists between 
two pigs or groups in genotypes. In the Duroc breed two 
major clusters and two subclusters of pigs within the major 
clusters were observed (Figure 4). In the Hampshire breed, 
three major clusters were observed (Figure 5). Only two 
animals had identical RFLP pattern genotypes and the tree 
graph shows 37 different patterns out of 38 animals in the 
Hampshire breed. Cluster analysis for two breeds combined 
showed 5 major clusters (Figure 6). The first letter of each 
individual identification number represents the breed, i.e., 
D for Duroc breed, H for Hampshire breed. It is interesting 
to note that the three clustered groups of Hampshires in 
Figure 5 were still identically clustered into three groups 
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in Figure 6 which were largely distinguishable from the 
Durocs. This result supports the fact that the average 
Jaccard coefficient between two breeds is lower than that 
within the breeds and shows that the SLA class I genotypes 
for the two breeds do differ to some extent. 
Comparisons of Euclidean distances 
To evaluate the properties of each cluster, pigs were 
assigned to coordinates for 39 dimensional spaces for Durocs 
and 44 dimensional spaces for Hampshires based on the 
presence or absence of fragments in the respective number of 
intervals. The Euclidean distance of all pigs from the 
centroid of each cluster was then calculated. These 
distances were plotted for each cluster along the horizontal 
axes of Figure 7 and Figure 8. Each single letter represents 
an individual pig which belongs to its own cluster. This 
plot showed, for example, in the cluster 4 of Figure 7, that 
13 out of 15 pigs where belonged to cluster 4 (the pigs in 
the cluster expressed by D) were closer to the centroid than 
any other pigs assigned to other clusters. In general, pigs 
belong to each cluster were separated from other pigs 
belonging to other clusters. 
FIGURE 4. A dendro diagram showing four clusters of DNA RFLP 
patterns for the genotypes of 70 Duroc boars. 
The clusters were formed according to the Jaccard 
coefficient of pairs which indicate similarity of 
the RFLP patterns 
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FIGURE 5. A dendro diagram showing four clusters of DNA RFLP patterns for the 
genotypes of 38 Hampshire boars. The clusters were formed according to 
the Jaccard coefficient of pairs which indicate similarity of patterns 
for the the RFLP patterns 
FIGURE 6. A dendro diagram showing five clusters of DNA RFLP 
patterns for the genotype of 70 Duroc boars and 
38 Hampshire boars. The clusters were formed 
according to the Jaccard coefficients of pairs 
which indicate similarity of the RFLP patterns. 
D is for Duroc and H is for Hampshire 
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Comparisons of pedigree information and similarity 
coefficients 
Four Hampshires were inbred with an average inbreeding 
coefficient of 0.113. The coefficients ranging from 0.063 to 
0.141. None of the Durocs were found to be inbred. Three 
pairs of full-sibs and 2 pairs of half-sibs were observed in 
Durocs. Only 1 pair of the full-sibs and 2 pairs of half-
sibs, belong to the same major clusters in the tree diagram. 
The average Jaccard coefficients of the full-sibs and half-
sibs would be expected to be higher than that of any two 
outbred pigs. In the Durocs the average coefficients were 
0.172 and 0.135, for full and half sibs, respectively, 
whereas the average coefficient of Durocs was 0.239. In the 
Hampshire breed 7 pairs of full-sibs and 5 pairs of half-
sibs were observed and 4 of the full-sib pairs and 4 of the 
half-sib pairs were grouped within the same cluster. The 
average Jaccard coefficient of full-sibs and half-sibs of 
Hampshires were 0.412 and 0.393, respectively, whereas the 
average coefficient of the breed was 0.266. It seems that 
the coefficients among relatives did not agree exactly with 
expectation since for Duroc siblings values were lower than 
the average of the breed. The results for Hampshires were 
more similar to expectation. It was assumed that the 
sampling effect influenced the lower similarity coefficients 
of sibs, since the number of sib pairs sampled was small 
FIGURE 7. Comparisons of Euclidean distances of Duroc boars 
from the centroid of the determined clusters. 
This diagram indicates that boars are closer to 
their assigned cluster centroid than other boars 
assigned to other clusters 
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FIGURE 8. Comparisons of Euclidean distances of Hampshire 
boars from the centroid of the determined 
clusters. This diagram indicates that boars 
are closer to their assigned cluster centroid 
than other boars assigned to other clusters 
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relative to the number of pigs of the Duroc breed. 
Nucleotide Diversity of SLA DNA Sequences 
Upholt (1977) first attempted to estimate DNA sequence 
divergence with analysis of the fraction of cleavage sites or 
the fraction of conserved fragments. It was assumed that the 
degree of sequence divergence between two pieces of DNA is 
correlated with the patterns of restriction enzyme cleavage 
sites. In other words, the higher the similarity of the two 
DNA sequences that are compared, the closer the cleavage 
patterns. The average number of nucleotide differences per 
site between two randomly chosen DNA sequences was termed 
"nucleotide diversity" and denote by tt to express the degree 
of polymorphism in a population at the nucleotide level (Nei 
and Li, 1979). 
Upholts's and Nei and Li's approaches to calculate nucleotide 
diversitv 
The nucleotide diversities calculated by Upholt's 
approach were higher than those of Nei and Li (Table 9). The 
magnitude of the differences ranged from 0.002 to 0.01 
between the two methods. For example, the difference of the 
nucleotide diversity between the two methods for the two 
breeds was 0.01, whereas the difference was 0.002 for the 
nucleotide diversities within the Hampshire breed. Kaplan's 
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(1983) computer simulation also indicated that Upholt's 
approach calculated higher values than those of Nei and Li's 
by 0.004 at a nucleotide diversity level of 0.1. The main 
reason for the difference may have been due to different 
approaches to the equation derivation mentioned earlier. 
However, mathematically, Nei and Li's method is a little more 
sound since their approach takes into account the 
probablities of proportion of fragments conserved for both 
DNA sequences being compared, whereas the Upholt approach 
takes into account that of only one DNA sequence. 
Table 9. Comparisons of nucleotide diversities calculated by 
two different approaches 
Methods Upholts's (1977) Nei and Li's (1979) 
Breeds Durocs& Hampshiresb Durocs Hampshires 
Nucleotide 
diversity 
within 
breeds 
0.074±0.025 0.067±0.024 0.066+0.024 0.065+0.023 
Nucleotide 
diversity 
between 
breeds 
0.086±0.026 0.076+0.025 
^Number of animals = 70. 
"Number of animals = 38. 
Comparisons of nucleotide diversities within and between 
breeds 
The nucleotide diversities within and between the two 
breeds are in Table 9. The nucleotide diversities estimated 
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by Nei and Li's method within the Duroc and Hampshire breeds 
were 0.066 and 0.065, respectively, whereas that between the 
breeds was 0.076. The within breed variability of the Duroc 
breed was higher than that within the Hampshire breed. 
There appears to exist a significant amount of genetic 
variability between the Duroc and Hampshire breeds as 
measured by nucleotide diversity. These results support the 
results found by using the Jaccard coefficients within and 
between the two breeds. Both similarity and diversity 
coefficients appear to be good complementary tools to measure 
how populations relate to themselves. 
The high nucleotide diversity for SLA class I genes 
reflected the characteristically high degree of polymorphism 
previously found among MHC gene sequences or close gene 
families. For example, the actual DNA sequence result of 
immunoglobulin G2a genes which belong to a gene family 
similar to MHC genes showed divergence of 0.10 (Schreier, 
1981). The immunoglobulin genes showed considerably higher 
divergence than other genes' divergence (Table 1), which 
indicated greater polymorphisms at the nucleotide level. 
The model described above is based upon four 
assumptions, that is; (1) the four nucleotides are randomly 
distributed in DNA sequences, (2) mutations occur with the 
same probability among the four nucleotides, (3) mutations 
are caused solely by nucleotide substitution, (4) the 
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population is in equilibrium without selection. In reality, 
it was reported that distribution of the four nucleotides is 
not random in mtDNA (Brown, 1980), and the rate of nucleotide 
substitution varies considerably from gene to gene in a 
genome and from region to region in a gene (Nei, 1975). 
Furthermore, mutation occurs by many more several causes 
besides the nucleotide substitutions. But Nei and Tajima 
(1983) claimed that the first two assumptions are not 
necessary to estimate divergence between a pair of DNA 
sequences as long as different types of nucleotides are 
arranged at random. From the animal breeder's viewpoint, it 
is assumed that the population of a breed is not in 
equilibrium, since it is subject to selection. However, Nei 
et al. (1984) indicated that DNA polymorphism can be studied 
by the same statistical approach because the other processes 
of mutation occur rarely. Nei (1987a, personal 
communication) also pointed out that the main purpose of 
nucleotide diversity is to investigate DNA divergence, no 
matter what the causes of the divergence are. 
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Relationship Between DNA Restriction Fragments and 
Production Traits 
The DNA restriction fragment effect from the simplified 
models 
The effect of each DNA restriction fragment was analyzed 
by the simplified model which for each breed included group 
and a single DNA restriction fragment (Tables 10,11). It 
appears that the restriction fragments Pll and P32 from the 
Durocs influenced average daily gain (ADG), and fragments P18 
and P22 also influenced loin muscle area (LEA) positively 
(P<0.05). On the other hand, the restriction fragments Pll 
and P29 appeared to be associated with average backfat 
thickness (BF) while P17 influenced LEA negatively (P<0.05). 
The fragment P26 also appeared to affect both selection index 
(INDEX) and ADG negatively (P<0.05). The effect of fragment 
Pll was favorable for ADG while it is unfavorable for BF, 
which suggests a cause for the negative correlation between 
ADG and BF. The restriction fragment P2 6 appeared to 
decrease INDEX and ADG while the fragment P32 increased INDEX 
and ADG. The negative correlation between presence of the 
two fragments was low (-0.06). The R^, the amount of 
phenotypic variability accounted by the factors included in 
the model ranged from 0.15 to 0.53 for the fragments in Table 
10. DAY230 traits analyzed by the simplified model, showed 
high r2 values (0.52 and 0.53), for the models which included 
73 
PIS and P32, whereas for other traits, ranged from 0.15 to 
0.23. The frequencies for the restriction fragments in Table 
10 were reasonably high except for two fragments P15 (7.2%) 
and P32 (5.8%). 
In the Hampshire breed, three restriction fragments 
appeared to influence INDEX and ADG significantly. 
Restriction fragments P14 and P36 increased INDEX and ADG 
(P<0.05), whereas P13 decreased these traits (P<0.05). The 
correlation between presence of P14 and P3 6 was 0.47 
(P<0.01). The correlation between presence of P13 with P14 
and P36 were -0.44 (P<0.01) and -0.21 (P<0.22), respectively. 
The r2 ranged from 0.15 to 0.34 for the fragments of the 
Hampshire breed in Table 11. The frequencies of the 
restriction fragments in Table 11 were reasonably high. 
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Table . 10. The effect of DNA restriction fragments analyzed 
by the simplified model on production traits of 
the Duroc breed 
The fragment Trait Effect® F- Freg. of the 
number Prob. fragment (%) 
P2 BF^ F 0.07 0.20 50.7 
Pll ADG° F 0.04 0.16 62 .3 
BF U 0.05 0.21 
P15 INDEXÉ F 0.09 0.15 7.2 
AD6 F 0.07 0.15 
DAY230® F 0.07 0.53 
P17 LEA^ U 0.03 0.22 44.9 
P18 LEA • F 0.05 0.22 39.1 
P22 LEA F 0.03 0.23 18.8 
P26 INDEX U 0.04 0.17 36.2 
ADG U 0.02 0.18 
P29 BF U 0.04 0.21 13.0 
P32 INDEX F 0.10 0.15 5.8 
ADG F 0.03 0.17 
DÀY230 F 0.10 0.52 
^Effect = Effect of the fragment, F = favorable, U = 
unfavorable. 
^BF = Average backfat thickness(inches). 
^ADG = Average daily gain(lbs). 
"INDEX = Selection index. 
®DAY230 = Age at 230 pounds(days). 
^LEA = Loin muscle area(inch2). 
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Table 11. The effect of DNA restriction fragments analyzed 
by the simplified model on production traits of 
the Hampshire breed 
The fragment Trait Effect^ F- r2 Freq. of the 
number Prob. fragment (%) 
P7 LEA^ U 0.06 0.20 40.5 
PIO ADQC U 0.06 0.16 40.5 
Bpd F 0.05 0.18 
Pll BF U 0.10 0.15 64.9 
P13 INDEX® U 0.04 0.19 64.9 
ADG U 0.03 0.19 
P14 INDEX F 0.03 0.21 16.2 
ADG F 0. 02 0.21 
P17 ADG U 0.06 0.16 10.8 
BF F 0.09 0.16 
P36 INDEX F 0.03 0.20 13.5 
ADG F 0.04 0.34 
^Effect = effect of the fragment, F = favorable, U = 
unfavorable. 
"LEA = Loin muscle areafinch^). 
°ADG = Average daily gain(lbs). 
"BF = Average backfat thickness(inches). 
eINDEX = Selection index. 
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The DNA restriction fragment effects from the various models 
including the best fitting model 
A set of restriction fragments which showed the highest 
effects was selected by the stepwise regression approach. In 
the Duroc breed, 5 restriction fragments appeared to 
influence INDEX, i.e., P14 and PI5 increased the selection 
index, whereas P12 , P26, and P31 decreased the selection 
index (Table 12). The P15 fragment increased INDEX by 23.83 
(P<0.05) with its presence, while, the P26 fragment decreased 
INDEX by 16.70 points (P<0.01) with its presence. It was 
noticeable that P26 also significantly influenced INDEX when 
its effect was analyzed by the simplified model. The degree 
of the effects of P15 and P26 on INDEX were 23.83 end 16.70, 
respectively, which were equivalent to 23.5 % and 16.5 % of 
total average values (Table 12) of INDEX in Duroc breed. The 
r2 of Model 6 in Table 12 was 0.38, whereas that of the 
simplified model or Model 2 was 0.17. In the case of ADG, 
Pll and P15 increased ADG and P26 and P31 decreased ADG 
(Table 13). The P26 fragment significantly affected ADG in 
Model 5 as it had in simplified Model 2 (Table 13). The 
effects of P26 and P15 were -0.18 and 0.21 lbs, respectively, 
which were equivalent to 8.7 % and 10.1 % of total average 
value of ADG. The increased to 0.36 in the Model 5, 
whereas it was 0.18 in the Model 2. Only two DNA restriction 
fragments, P29 and Pll, seemed to influence the BF trait 
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(P<0.05) (Table 14). Both fragments also significantly 
affected BF in the simplified models. The magnitude of the 
P29 fragment effect on BF was 0.06 inches, which was 
equivalent to 7.1% of its total average value. The in 
Model 3 was increased by 0.05 by combining the two fragments 
in the model. For LEA, P22 influenced the trait favorably, 
but P28 and P17 influenced it unfavorably (Table 15). The 
fragments P22 and P17 affected LEA significantly (P<0.05) in 
the simplified models. The effect of P22 on LEA was 0.18 
inch^ and it was 3.1% of its total average value. The in 
Model 4 was 0.32 whereas that of Model 2 was 0.23. In case 
of the DAY230 trait, P26 and P31 influenced the trait 
negatively at P<0.01 and P<0.05, respectively. However, P15 
(Table 16) influenced it positively (P<0.05). The 
restriction fragment P15 also significantly influenced the 
trait in the simplified model, although its significance 
level was P<0.10. The effect of P15 on DAY230 was -8.25 days 
and it was 5.6% of total average value. The R^ in Model 4 
was 0.59, whereas that of Model 2 was 0.53. Group, entry 
age, and entry weight factors determined half of the total 
variation in the basic model. 
The group effect on each trait was estimated by using 
the best fitting model for each trait. For example, the 
least squares means for groups of the Duroc breed for INDEX 
were estimated by using the Model 6, the best fitting model 
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for the INDEX trait, in Table 12. The results are presented 
in Table 17. There was no significantly different group 
effects for the BF trait in the Duroc breed. Group 4 showed 
significantly lower INDEX and ADG and older DAYS230 than 
those of groups 1 and 2. The group 4 boars also showed 
larger LEA than those of the group 2 and group 3. 
In the Hampshire breed, the restriction fragments P36 
and P44 positively influenced INDEX, whereas fragments 
P17,P13, P37, and P24 negatively influenced the same trait 
(Table 18). Both P36 and P13 were significantly associated 
with INDEX in the simplified models. The effect of P13 on 
INDEX was -20.60, and it was 20.1% of total average value 
(Table 22). The effect of P44 was 45.15 and it was 44.2% of 
total average value or almost three times that of the 
standard error and may be the result of a major gene effect. 
However, the frequency of P44 was only 5.44. The change in 
r2 (0.07) from the basic Model 1 to the r2 (0.52) in the best 
fitting model was quite large. For Hampshires, the 
restriction fragments P14 and P17 affected ADG in opposite 
directions with P14 increasing ADG and P17 decreasing ADG 
(Table 19). Both fragments significantly affected ADG in 
their own simplified models. 
Table 12. Effects of DNA restriction fragments on selection 
index (INDEX) from various models after adjustment 
for group, entry age, and entry weight factors of 
the Duroc breed 
Modelb P26 
(36.2)C 
1 Model id 
2 Model 1 + P26 bb 
SE® 
-10.06** 
4.74 
3 Model 1 + P26 + P15 -12.23* 
4.68 
4 Model 1 + P26 + P15 + P31 -16.27** 
4.87 
5 Model 1 + P26 + P15 + P31 + P14 -14.82** 
4.83 
6 Model 1 + P26 + P15 + P31 + P14 + PI2 -16.70** 
4.82 
^(Effect of the fragment present - effect of the 
fragment absent) or partial regression coefficient. 
^The models were analyzed by stepwise regression. 
®The frequency of the restriction fragment (%). 
(^Model 1 = Group + Entry age + Entry weight. 
®SE = standard error of partial regression coefficient, 
+P<.10. 
*P<.05. 
**P<.01. 
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Effects of DNA restriction fragments^ 
P15 P31 P14 P12 
(7.2)C (17.4) (8.7) (24.6) 
r2 
0.11 
0.17+ 
22.07' 
9.53 
22.24' 
9.23 
25.18 
9.17 
23.83' 
8.99 
** 
-14.07 
6 . 2 2  
-13.93' 
6.09 
-12.48' 
6 . 0 0  
15.07+ 
7.95 
15.32+ 
7.77 
-10.68+ 
5.52 
0 . 2 8 '  
0.30 ** 
0.34 ** 
0.38 ** 
Table 13. Effects of DNA restriction fragments on average 
daily gain (ADG) from various models after 
adjustment for group, entry age, and entry weight 
factors of the Duroc breed 
Model^ 
1 Model 1^ 
2 Model 1 + P26 bb 
SE® 
3 Model 1 + P2 6 + Pll 
4 Model 1 + P26 + Pll + P15 
5 Model 1 + P26 + Pll + P15 + P31 
B(Effect of the fragment present - effect of the 
fragment absent)(lbs) or partial regression coefficient. 
^The models were analyzed by stepwise regression. 
°The frequency of the restriction fragment (%). 
^Model 1 = Group + Entry age + Entry weight. 
®SE = standard error of partial regression coefficient, 
+P<.10. 
*P<.05. 
**P<.01. 
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Effects of DNA restriction fragments^ 
P26 Pll P15 P31 
(36.2)° (62.3) (7.2) (17.4) 
r2 
-0.11' 
0.05 
-0.13 
0.05 
** 
•0.14 
0.04 
•0.18 
0.05 
** 
** 
0.13' 
0.05 
0.12' 
0.05 
o.io" 
0.05 
0.20' 
0.09 
0.21^ 
0.09 
-0.13' 
0 .  0 6  
0.10 
0.18+ 
0.25* 
0.31 ** 
0.36 ** 
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Table 14. Effects of DNA restriction fragments on average 
backfat thickness (BF) from various models after 
adjustment for group, entry age, and entry weight 
factors of the Duroc breed 
Modelb 
Effects of DNA restriction fragments^ 
P29 Pll R' 
(13.0)° (62.3) 
1 Model 1 
2 Model 1 + P29 b^ 0.06* 
SE® 0.03 
0.15+ 
0 . 2 1 /  
3 Model 1 + P29 + Pll 0 . 0 6 *  
0.03 
0.04' 
0.02 
0 . 2 6  ** 
^(Effect of the fragment present - effect of the 
fragment absent)(inches) or partial regression coefficient. 
^The models were analyzed by stepwise regression. 
°The frequency of the restriction fragment (%). 
^Model 1 = Group + Entry age + Entry weight. 
®SE = standard error of partial regression coefficient. 
+P<.10. 
*P<.05. 
**P<.01. 
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Table 15. Effects of DNA restriction fragments on loin eye 
muscle area (LEA) from various models after 
adjustment for group, entry age, and entry weight 
factors of the Duroc breed 
Effects of DNA restriction fragments^ 
Modelb P22 P28 P17 r2 
(18.8)C (21.7) (44.9) 
1 Model id 0.16* 
2 Model 1 + P22 bb 
SE® 
0.17* 
0. 08 
0.23* 
3 Model 1 + P22 + P28 0.22** 
0.08 
-0.16* 
0.08 
0.28** 
4 Model 
+ P17 
1 + P22 + P28 0.18* 
0.08 
-0.17* 
0.08 
-0.15+ 
0.08 
0.32** 
®(Effect of the fragment present - effect of the 
fragment absent)(inch^) or partial regression coefficient. 
bThe models were analyzed by stepwise regression. 
°The frequency of the restriction fragment (%). 
^Model 1 = Group + Entry age + Entry weight. 
®SE = standard error of partial regression coefficient. 
+P<.10. 
*P<.05. 
**P<.01. 
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Table 16. Effects of DNA restriction fragments on age of 
days to 230 pounds (DAY230) from various models 
after adjustment for group, entry age, and entry 
weight factors of the Duroc breed 
Effects of DNA restriction fragments^ 
Modelb P15 P26 P31 r2 
(7.2)C (36.2) (17.4) 
1 Model id 0.50* 
2 Model 1 + PIS bb 
SE® 
-6.70+ 
3.55 
0.53* 
3 Model 1 + P15 + P26 -8.19** 
3.53 
3.65* 
1.73 
0.56** 
4 Model 
+ P31 
1 + P15 + P26 -8.25* 
3.42 
5.09** 
1.81 
5. 
2. 
00* 
31 
0.59** 
®(Effect of the fragment present - effect of the 
fragment absent)(days) or partial regression coefficient. 
^The models were analyzed by stepwise regression. 
^The frequency of the restriction fragment (%). 
^Model 1 = Group + Entry age + Entry weight. 
®SE = standard error of partial regression coefficient. 
+P<.10. 
*P<.05. 
**P<.01. 
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Table 17. Least squares means by group for production traits 
of the Duroc breed obtained by using the best 
fitting model for each trait 
Traits 
Group INDEX^ ADG^ BPC LEA^ DAY230® 
1 112.34% 2.23% 0.86% 5.79%'? 143.67% 
SE? 7.76 0.06 0.02 0. 06 2.39 
2 113.95% 2 .26% 0.86% 5.74% 144.76% 
7.20 0.06 0.02 0. 06 2.16 
3 106.27% 2.13%'y 0.85% 5.72% 146.63%'? 
6.28 0.06 0.03 0.09 2.23 
4 99.8iy 2.08^ 0.84% 5.99? 149.52? 
8.42 0.07 0.03 0.08 2.46 
Totalh 101.50 2.18 0.84 5.80 147.01 
average 16.79 0.16 0.07 0.22 6.37 
^INDEX = Selection index. 
^ADG = Average daily gain(lbs). 
°BF = Average backfat thickness(inches). 
^LEA = Loin muscle area(inch2). 
®DAY230 = Age at 23 0 pounds(days). 
% = Least squares mean. 
9sE = Standard error of the least squares mean. 
^Total average = simple arithmetic means of all the pigs 
for each trait. 
^'^Means with the different superscript differ at 
P<0.05. 
Table 18. Effects of DNA restriction fragments on selection 
index (INDEX) from various models after adjustment 
for group and entry weight factors of the 
Hampshire breed 
Effects of 
Modelb P17 P36 
(10.8)c (13.5) 
1 Model id 
2 Model 1 + P17 bb -18.71 
SE® 12.15 
3 Model 1 + P17 + P36 -18.41 23.76* 
11.44 10. 44 
4 Model 1 + P17 + P36 + P44 -17.34 31.31** 
10.57 10.10 
5 Model 1 + P17 + P36 + P44 -17.10 25.79* 
+ PI 3 10.14 10.13 
6 Model 1 + P17 + P36 + P44 -20.44* 24.73* 
+ P13 + P37 9.72 9.59 
7 Model 1 + P17 + P36 + P44 -18.26+ 19.72* 
+ P13 + P37 + P24 9.33 9.48 
^(Effect of the fragment present - effect of the 
fragment absent) or partial regression coefficient. 
^The models were analyzed by stepwise regression. 
®The frequency of the restriction fragment (%). 
^Model 1 = Group + Entry weight. 
®SE = standard error of partial regression coefficient. 
+P<.10. 
*P<.05. 
**P<.01. 
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DNA restriction fragments® 
P44 P13 P37 P24 
(5.4) (64.9) (2.7) (18.9) 
35.95* 
14.24 
37.85** -11. 97 
13.71 6. 36 
38.65** -14. 60 
12.97 6. 14 
45.15** —2 0. 60 
12.78 6. 59 
R' 
0.07 
0.14 
0 . 2 6 +  
0.39* 
0.46** 
* -36.18* 0.53** 
17.20 
** -44.80* -16.20+ 0.59** 
16.95 8.22 
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Table 19. Effects of DNA restriction fragments on average 
daily gain (ADG) from various models after 
adjustment for group and entry weight factors of 
the Hampshire breed 
Effects of DNA restriction fragments^ 
Modelb P14 P17 PIO r2 
(16.2)° (10.8) (40.5) 
1 Model 1^ 0.06 
2 Model 1 + P14 b*^ 0,26* 0.21+ 
SE® 0.10 
3 Model 1 + P14 + P17 • 0.25* -0.25* 0.30* 
0.10 0.12 
4 Model 1 + P14 + P17 0.24* -0.23+ -0.18 0.36* 
+ PIO 0.10 0.12 0.11 
^(Effect of the fragment present - effect of the 
fragment absent)(lbs) or partial regression coefficient. 
^The models were analyzed by stepwise regression. 
^The frequency of the restriction fragment (%). 
^Model 1 = Group + Entry weight. 
®SE = standard error of partial regression coefficient. 
+P<.10. 
*P<.05. 
**P<.01. 
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Table 20. Effects of DNA restriction fragments on average 
backfat thickness (BF) from various models after 
adjustment for group and entry weight factors of 
the Hampshire breed 
Effects of DNA restriction fragments^ 
Modelb PIO P25 P34 r2 
(40. 5 )C (16.2) (27.0) 
1 Model id 0.08 
2 Model 1 + PlO bb 
SE® 
-0.09+ 
0.05 
0.18 
3 Model 1 + PIO + P25 -0.12* 
0.05 
-0.09 
0.04 
0.28+ 
4 Model 
+ P34 
1 + PlO + P25 -0.11* 
0.04 
-0.13* 
0.05 
0.06 
0.04 
0.33* 
^(Effect of the fragment present - effect of the 
fragment absent)(inches) or partial regression coefficient. 
^The models were analyzed by stepwise regression. 
°The frequency of the restriction fragment (%). 
^Model 1 = Group + Entry weight. 
®SE = standard error of partial regression coefficient. 
+P<.10. 
*P<.05. 
**P<.01. 
Table 21. Effects of DNA restriction fragments on loin 
muscle area (LEA) from various models after 
adjustment for group and entry weight factors of 
the Hampshire breed 
Effects of 
Model^ P7 
(40.5)C 
PI 
(72.8) 
P44 
(5.4) 
1 Model 1 d 
2 Model 1 + P7 bb 
SE® 
-0.47+ 
0.24 
3 Model 1 + P7 + PI -0.51 
0.24 
-0.27* 
0.17 
4 Model 1 + P7 + PI + P44 -0.55* 
0.23 
-0.30+ 
0.16 
0.59+ 
0.33 
5 Model 1 + P7 + PI + P44 + P16 -0.45** 
0.17 
-0.45** 
0.17 
0.80* 
0.32 
6 Model 
+ P14 
1 + P7 + PI + P44 + P16 -0.63** 
0.21 
-0.43** 
0.16 
0.77* 
0.30 
7 Model 
+ P14 
1 
+ 
+ P7 + PI + 
P25 
P44 + P16 -0.66** 
0.20 
-0.50** 
0.16 
0.79* 
0.29 
8 Model 
+ P14 
1 
+ 
+ P7 + PI + 
P25 + P26 
P44 + P16 -0.63** 
0.20 
-0.51** 
0.15 
0.77* 
0.29 
9 Model 
+ P14 
1 
+ 
+ P7 + PI + 
P25 + P26 + 
P44 
P17 
+ P16 -0.54** 
0,19 
-0.40* 
0.16 
0. 69* 
0.27 
^(Effect of the fragment present - effect of the 
fragment absent)(inch^) or partial regression coefficient. 
^The models were analyzed by stepwise regression. 
^The frequency of the restriction fragment (%). 
^Model 1 = Group + Entry weight. 
®SE = standard error of partial regression coefficient. 
+P<.10. 
*P<.05. 
**P<.01. 
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DNA restriction fragments® 
r2 
P16 P14 P25 P26 P17 
(27.0) (16.2) (16.2) (48.6) (10.8) 
0.11 
0 . 2 0  
0 . 2 6 +  
0.33* 
-0.43* 
0.18 
-0.56** 0.42* 
0.18 0.20 
-0.59** 0.41* 0.34 
0.18 0.19 0.20 
-0.64** 0.41* 0.33 
0.18 0.19 0.20 
-0.60** 0.41* 0.48* 
0.17 0.18 0.20 
0.44* 
0.52** 
0.56** 
- 0 . 2 0  0 . 6 0 * *  
0.12 
-0.28* -0.49+ 0.65** 
0.12 0.25 
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Table 22. Least squares means by group for production traits 
of the Hampshire breed obtained by using the best 
fitting model for each trait 
Traits 
Group INDEX^ ADGb BF° LEA^ 
1 M® 105.12% 2.17% 0.64%'y 6.11% 
SE^ 12.39 0.09 0. 03 0.20 
2 109.51% 2.16% 0.58% 5.547 
14.89 0.11 0.05 0.24 
3 88.22y 2.20% o.7oy 6.23% 
12.43 0.09 0.03 0.24 
Total? 102.20 2.21 0.69 5.72 
average 15.19 0.20 0.08 0.33 
®INDEX = Selection index. 
^ADG = Average daily gain(lbs). 
°BF = Average backfat thickness(inches). 
^LEA = Loin muscle area(inch2). 
= Least squares means. 
fsE = Standard error of the least squares mean. 
Grotal average = simple arithmetic means of all the pigs 
for each trait. 
K'/Means with the different superscript differ at 
P<0.05. 
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The presence of the fragment P14 on ADG resulted in an 
increase of ADG by 0.24 lbs, a value 10.9% of its total 
average value. The (0.36) in Model 4 increased from the 
in Model 1 (0.06). Only two restriction fragments, PIO 
and P25, appeared to unfavorably influence (P<0.05) BF in 
Hampshires (Table 20). Fragment PIO influenced BF in its 
simplified model and Model 2, although the significance level 
was at P<0.10. The effect of PIO was to decrease BF by 0.11 
inches and it was 15.9% of its total average value. The 
in Model 4 was 0.33, whereas that in Model 2 was 0.18. For 
LEA, a larger number of restriction fragments were involved 
than for other traits in the Hampshire breed (Table 21). A 
total of 8 fragments P7, PI, P44, P16, P14, P25, P26, and P17 
appear to affect LEA. Fragments P44, P14, and P25 influenced 
the trait positively, whereas the rest of the fragments 
influenced the trait negatively. Among the fragments, only 
P7 significantly influenced LEA in the simplified model. The 
presence of P7 resulted in decreasing LEA by 0.54 inch^ and 
it was 9.4% of its total mean. The R^ in Model 9 was 0.65 
whereas the R^ in Model 2 was 0.20. 
Estimation of group effects for each trait in the 
Hampshire breed are in the Table 22. No group effect was 
observed for ADG. Group 3 had lower INDEX than the two other 
groups and the group 2 showed less BF than group 3. Group 2 
had the smallest LEA. 
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Recent studies showed significant associations of MHC 
genes and production traits. For example, Vaiman et al. 
(1987) reported that SLA haplotype H6 significantly decreases 
average daily gain by 0.2 lbs (P<0.01) per day in Large White 
breed pigs in France. This effect was comparable with the 
effect of restriction fragment P26 of the Duroc breed and P14 
of Hampshire breed, which decrease ADG by 0.18 lbs (P<0.01) 
and 0.24 lbs (P<D.05), respectively, with its presence in the 
best fitting model. They (Vaiman et al., 1987) also reported 
that SLA haplotypes H4 and HI influence average backfat 
thickness by -0.09 (P<0.01) and +0.15 (P<0.01) inches, 
respectively. These results are also comparable with the 
effects on BF of the restriction fragments P29 (0.06 inches 
(P<0.05)) in Durocs, PIO (-0.11 inches (P<0.05)) and P25 (-
0.13 inches (P<0.05)) in Hampshires. Some SLA haplotypes 
(Vaiman et al., 1987) also influence carcass composition 
traits, i.e., H4 and H23 decrease fat percentage in carcass 
by 2.49% (P<0.01) and 2.47% (P<0.001), respectively. Beever 
et al. (1987) also found the presence of a major gene that 
effects preweaning growth and development of beef cattle 
linked to the loci that encode for the B blood group after 
segregation of BoLA haplotypes in parental half-sibs. 
The results of the analyses presented here have 
indicated potentially important results which may result in 
new directions for animal breeding. These results showed 
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that certain DNA restriction fragments were associated with 
performance of a production trait. For example, the 
fragments P26 in Durocs and P14 in Hampshires were shown here 
to have a large influence on selection index and average 
daily gain. Therefore, it may be possible to screen animals 
according to presence or absence of a restriction fragment of 
the SIA DNA sequence, as a genetic marker, and then select on 
that basis to improve their performance. 
Since the family DNA information of these boars was not 
available, the sires' and dams' genetic influence was not 
taken into account in the above models. Therefore, it is 
necessary to confirm these results by establishing a new 
experiment. The new experiment would be performed with sires 
heterozygous for certain DNA restriction fragments to see if 
the segregation of two DNA RFLP patterns in the progeny was 
related to differences in performance of the progeny. 
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CONCLUSIONS 
Genomic DNA of swine was hybridized by a SLA class I 
gene probe and showed highly polymorphic restriction fragment 
length polymorphism patterns in both the Duroc and Hampshire 
breeds of swine. 
The similarity among RFLP patterns of 70 Durocs and 38 
Hampshires, as measured by Jaccard coefficient, indicated 
that the likeness within breeds was higher than that between 
the two breeds. It also indicated the SLA RFLP patterns 
within the Hampshire breed were more homogeneous of those 
within the Duroc breed. 
Cluster analyses were performed using the Jaccard 
coefficients and revealed that four Duroc groups and three 
Hampshire groups appeared to exist. Five cluster groups were 
formed in the cluster analysis when the SLA DNA RFLP patterns 
of the two breeds were compared simultaneously. The 3 
Hampshire cluster groups were also distinctive among the 5 
combined groups, which also indicated the extent of 
differences in the patterns between the two breeds. 
The DNA divergence between two DNA sequences from pairs 
of pigs were calculated with RFLP patterns by using the 
method of nucleotide diversity. The nucleotide diversity 
calculated among the SLA RFLP patterns within a breed showed 
lower diversity than that between the two breeds, which was 
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consistent with the results using Jaccard coefficients. The 
DNA divergence within Hampshires was lower than that within 
Durocs, indicated the greater homogeneous SLA region of 
Hampshire breed. 
Statistical analyses performed to define the 
relationship between the DNA restriction fragments and the 
production traits revealed that several DNA restriction 
fragments appear to affect production traits in both the 
simplified and the best fitting models. In the Duroc breed 
the restriction fragment P26 decreased INDEX (P<0.05) and ADG 
(P<0.05); Pll and P29 increased average BF (P<0.05); P17 
(P<.0.10) negatively and P22 (P<0.05) positively affected 
LEA; and P15 appeared to be positively associated with age to 
230 pounds (DAY230) (P<0.07). In the Hampshire breed, the 
restriction fragments P13 and P36 appeared to increase INDEX 
(P<0.05); P14 (P<0.05) and P17 (P<0.06) appear to influence 
ADG in opposite ways; PIO increased BF (P<0.05), and P7 
decreased LEA (P<0.06). 
The effects of groups clustered by the cluster analysis, 
according to Jaccard coefficient, were examined. Group 4 of 
the Duroc breed showed lower INDEX values, older DAY230, and 
larger LEA, whereas group 3 of the Hampshire breed was 
associated with lower INDEX and group 2 was associated with 
smaller LEA. These results suggest that swine MHC class I 
genes are associated with performance traits in swine and 
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within breed selection based on restriction fragment length 
polymorphisms may be effective in improving market hog 
performance. 
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